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Abstract 
Serum albumin is the most abundant protein found in 
the plasma of vertebrates. It is a secretory protein and is 
synthesized in liver. It consists of 582 amino acids that 
are arranged in a single polypeptide chain. It is devoid 
of any carbohydrate moiety. The protein molecule is 
organized into three structural domains. The most 
important feature of albumin is its ability to bind a wide 
variety of ligands. It is believed that ligand binding 
effects the stability of the molecule. Recently it has 
been found that bound fatty acids cause an increase in the 
denaturation temperature (T^ )^ of the protein. Urea and 
guanidine hydrochloride induced denaturation of the albumin 
has been carried out by various workers. These studies have 
been performed on commercial albumin that contains variable 
amount of fatty acids. The presence of fatty acids can be 
one of the reasons for the interlaboratory differences 
reported in the denaturation behaviour of albumin. 
Inorder to investigate the role of fatty acids, 
denaturation studies on a defatted BSA and BSA containing 6 
moles of palmitic and per mole of albumin were performed. 
The two albumin preparations were prepared by standard 
procedures. Thereafter monomers were isolated and fatty acid 
content was determined. The two albumin preparations were 
pure with respect to size and charge and appeared to have an 
1 1 
i den t i c a l hydrodynamic volume. However, spectroscopy resu l t s 
indica ted a change in the environment of tyrosine and 
tryptophan. 
The denatura t ion of both these preparat ions has been 
studied between 0- 9.2 M urea in 0.06 M sodium phosphate 
buffer, pH 7.0 . UV difference spectroscopy and fluorescence 
spectroscopy were used to follow the denaturat ion. The 
r e s u l t s of uv d i f f e r e n c e s p e c t r o s c o p y suggest that 
d e f a t t e d albumin undergoes a t h r e e s t a t e t r a n s i t i o n . 
Incont ras t f a t t ed albumin apparently undergoes a two s ta te 
t r a n s i t i o n . The d e n a t u r a t i o n p l o t s obtained by 
fluorescence show a sh i f t towards higher urea concentration 
for f a t t ed albumin indica t ing s t a b i l i z a t i o n of BSA upon 
f a t t y a c i d b i n d i n g . The d e n a t u r a t i o n i n t e rmed ia t e was 
c h a r a c t e r i z e d in d e t a i l u s ing the t echn iques of uv 
d i f f e r e n c e spec t roscopy , f l u o r e s c e n c e spec t roscopy, gel 
chromatography and polyacrylamide gel e lec t rophores i s . The 
c h a r a c t e r i z a t i o n was done in the presence of 4.5 M urea, a 
c o n c e n t r a t i o n a t which a s t a b l e i n t e r m e d i a t e occurs in 
defa t ted BSA. The presence of a di f ference spectral peak 
in 4.5 M urea for defat ted BSA and i t s absence in fat ted 
BSA c l e a r l y indicated that 4.5 M urea induces conformational 
changes only in defat ted BSA. Frontal ana lys i s showed that 
defa t ted BSA had fast moving front whereas heterogeniety was 
ill 
observed in peak analysis of defatted BSA as well as on 
PAGE. On the other hand fatted BSA appeared to be 
homogeneous both with respect to size and charge in the 
presence of 4.5 M urea concentration. Defatted BSA mixed 
with 6 moles of palmitic acid showed a decrease in percent 
aggregation but its PAGE pattern was similar to that of 
defatted BSA. Different peaks namely peak I, II and peak 
III obtained in defatted BSA in the presence of 4.5 M urea 
concentration were isolated, renatured and characterized. 
Ve/Vo ratio and R^ values indicated that peak I and III were 
similar to that of defatted BSA dimer and monomer whereas 
peak II was found to be a mixture of peak I and III. The 
mobility of all the three peaks was identical for all the 
three proteins on SDS-PAGE in the presence of ^RSH whereas 
in its absence the movement of peak I and II was 
identical to defatted BSA dimer and monomer thereby 
confirming the occurrence of disulfide exchange reactions 
during urea induced unfolding of BSA. 
The denaturation of the three peaks was followed by uv 
difference spectroscopy and fluorescence. Peak I showed a 
three state transition whereas peak II, III and defatted BSA 
dimer followed a simple two state transition. Binding of 
bilirubin, BCG and ANSA with peak I, II, III defatted 
monomer and dimer indicated that binding sites as well as 
hydrophobicity of peak I are completely different from the 
IV 
rest of the protein preparations. The presence of a single 
peak on Sephacryl S-200 HR column and single band on PAGE 
for alkylated BSA in the presence of 4.5 M urea confirmed 
the involvement of Cys-34 in disulfide exchange reactions. 
The uv difference spectrum of alkylated BSA was similar to 
that of defatted BSA. 
The results obtained thus suggest that urea induced 
unfolding of defatted BSA leads to unfolding of a part of 
albumin (probably domain III). The process is accompanied 
by disulfide reactions leading to the formation of 
aggregates. Fatty acid binding stabilizes domain III of the 
albumin molecule thereby preventing its \infolding at 4.5 M 
urea concentration and subsequent disulfide exhange 
reactions. 
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Abstract 
Serum albumin is the most abundant protein found in 
the plasma of vertebrates. It is a secretory protein and is 
synthesized in liver. It consists of 582 amino acids that 
are arranged in a single polypeptide chain. It is devoid 
of any carbohydrate moiety. The protein molecule is 
organized into three structural domains. The most 
important feature of albumin is its ability to bind a wide 
variety of ligands. It is believed that ligand binding 
effects the stability of the molecule. Recently it has 
been found that bound fatty acids cause an increase in the 
denaturation temperature (T^ j) of the protein. Urea and 
guanidine hydrochloride induced denaturation of the albumin 
has been carried out by various workers. These studies have 
been performed on commercial albumin that contains variable 
amount of fatty acids. The presence of fatty acids can be 
one of the reasons for the interlaboratory differences 
reported in the denaturation behaviour of albumin. 
Inorder to investigate the role of fatty acids, 
denaturation studies on a defatted BSA and BSA containing 6 
moles of palmitic and per mole of albumin were performed. 
The two albumin preparations were prepared by standard 
procedures. Thereafter monomers were isolated and fatty acid 
content was determined. The two albumin preparations were 
pure with respect to size and charge and appeared to have an 
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identical hydrodynamic volume. However, spectroscopy results 
indicated a change in the environment of tyrosine and 
tryptophan. 
The denaturation of both these preparations has been 
studied between 0- 9.2 M urea in 0.06 M sodium phosphate 
buffer, pH 7.0. TJV difference spectroscopy and fluorescence 
spectroscopy were used to follow the denaturation. The 
results of uv difference spectroscopy suggest that 
defatted albumin undergoes a three state transition. 
Incontrast fatted albumin apparently undergoes a two state 
transition. The denaturation plots obtained by 
fluorescence show a shift towards higher urea concentration 
for fatted albumin indicating stabilization of BSA upon 
fatty acid binding. The denaturation intermediate was 
characterized in detail using the techniques of uv 
difference spectroscopy, fluorescence spectroscopy, gel 
chromatography and polyacrylamide gel electrophoresis. The 
characterization was done in the presence of 4.5 M urea, a 
concentration at which a stable intermediate occurs in 
defatted BSA. The presence of a difference spectral peak 
in 4.5 M urea for defatted BSA and its absence in fatted 
BSA clearly indicated that 4.5 M urea induces conformational 
changes only in defatted BSA. Frontal analysis showed that 
defatted BSA had fast moving front whereas heterogeniety was 
iii 
observed in peak analysis of defatted BSA as well as on 
PAGE. On the other hand fatted BSA appeared to be 
homogeneous both with respect to size and charge in the 
presence of 4.5 M urea concentration. Defatted BSA mixed 
with 6 moles of palmitic acid showed a decrease in percent 
aggregation but its PAGE pattern was similar to that of 
defatted BSA. Different peaks namely peak I, II and peak 
III obtained in defatted BSA in the presence of 4.5 M urea 
concentration were isolated, renatured and characterized. 
Ve/Vo ratio and R^ values indicated that peak I and III were 
similar to that of defatted BSA dimer and monomer whereas 
peak II was found to be a mixture of peak I and III. The 
mobility of all the three peaks was identical for all the 
three proteins on SDS-PAGE in the presence of ^RSH whereas 
in its absence the movement of peak I and II was 
identical to defatted BSA dimer and monomer thereby 
confirming the occurrence of disulfide exchange reactions 
during urea induced unfolding of BSA. 
The denaturation of the three peaks was followed by uv 
difference spectroscopy and fluorescence. Peak I showed a 
three state transition whereas peak II, III and defatted BSA 
dimer followed a simple two state transition. Binding of 
bilirubin, BCG and ANSA with peak I, II, III defatted 
monomer and dimer indicated that binding sites as well as 
hydrophobicity of peak I are completely different from the 
IV 
rest of the protein preparations. The presence of a single 
peak on Sephacryl S-200 HR column and single band on PAGE 
for alkylated BSA in the presence of 4.5 M urea confirmed 
the involvement of Cys-34 in disulfide exchange reactions. 
The uv difference spectrum of alkylated BSA was similar to 
that of defatted BSA. 
The results obtained thus suggest that urea induced 
unfolding of defatted BSA leads to unfolding of a part of 
albumin (probably domain III). The process is accompanied 
by disulfide reactions leading to the formation of 
aggregates. Fatty acid binding stabilizes domain III of the 
albumin molecule thereby preventing its xinfolding at 4.5 M 
urea concentration and subsequent disulfide exhange 
reactions. 
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Fig. 1 Stereoview of human serum albumin 8 
illustrating the overall topology and 
secondary structure deduced from X-ray 
studies (He and Carter, 1992). 
Fig. 2 Topological illustration of a typical domain g 
in human serum albumin (He and Carter, 1992) . 
Fig. 3 Isolation of BSA monomer and BSA dimer on 5Q 
Sephadex G-200 column [(A) 88.2x2.21cm)] and 
Sephacryl S-200 HR column [(B) (100.5x2.4 
cm)] . 500 mg of defatted BSA in 5 ml of 
eluant was applied. Elution mas performed 
with 0.06 M sodium phosphate buffer pH 7.0 at 
a flow rate of 30 ml /hour for Sephadex G-200 
column and 40ml/hour for Sephacryl S-200 HR 
column. Fractions of 5 ml were collected and 
20 i|l of each fraction was used for 
monitoring which was done by the method of 
Lowry et .al. (1951). The fractions marked 
with a thick line under each peak were pooled 
for the isolation of BSA monomer and dimer. 
The percentage of monomer was 67 and 70 on 
Sephadex G-200 and Sephacryl S-200 HR 
columns, respectively. 
Fig. 4 Elution profile of BSA monomer (A) and dimer 52 
(B) on Sephacryl S-200 HR column (100.5x2.4 
cm) . 6 mg of each protein in 5 ml of buffer 
was applied. Elution was performed with 0.06 
M sodium phosphate buffer, pH 7.0 at a flow 
rate of 40 ml/hour in 5 ml fraction. 
Fraction were monitored by the method of 
Lowry et ^ . (1951) . 
Fig. 5 Polyacrylamide gel electrophoresis of BSA 53 
dimer(l), BSA monomer (2,3) and commercial 
BSA (4) on 10% (w/v) gels at pH 8.2. The 
electrophoresis was carried out by applying a 
current of 1-1.5mA per well. The gels were 
stained with 0.1% coomassie brilliant G250 
and destained with 10% acetic acid. 4 ug of 
each protein in 12ul of electrophoretic 
buffer was applied in each well. 
Fig. 6 Elution profile of blue dextran (A) , 54 
defatted BSA (B) and fatted BSA (C) on 
Sephacryl S-200 HR column (100.5x2.4cm). 6 
Tvg of each protein in 4 ml of eluant was 
applied whereas 6 mg of blue dextran in 2 ml 
of eluant was applied Elution was performed 
with 0.06 M sodium phosphate buffer, pH 7.0 
at the rate of 40 ml/hour. Fractions of 5 ml 
and 2 ml were collected for proteins and blue 
dextran respectively. 0.6 ml of each protein 
fraction was taken for monitoring by the 
method of Lowry et ^ . (1951). The absorbance 
of blue dextran fractions was measured at 
625 nm. Polyacrylamide gel electrophoretic 
patterns of defatted and fatted BSA are shown 
in the inset 1 & 2 respectively. 
Fig. 7 Ultraviolet absorption spectra of defatted 55 
BSA (• •) and fatted BSA (o o) obtained 
in 0.06 M sodium phosphate buffer, pH 7.0. 
The protein concentration was 1.02 mg/ml. The 
difference spectrum shown in the inset was 
obtained by subtracting the absorbance of 
defatted BSA from that of fatted BSA. 
Fig. 8 Excitation (A) and emission (B) spectra of 57 
defatted and fatted BSA. Numbers l and 2 
represent the excitation spectra of fatted 
and defatted BSA whereas 4 and 5 represent 
the emission spectra of fatted and defatted 
BSA. Excitation and emission spectra of 
buffer have been designated by numbers 3 and 
6. The protein concentration was 0.043 mg/ml. 
All the solutions were prepared in 0.06 M 
sodium phosphate buffer, pH 7.0. 
Fig. 9 Ultraviolet absorption spectra of native BSA eg 
(• •) and denatured BSA (0 o) obtained 
in 0.06 M sodium phosphate buffer, pH 7.0. 9 
M urea was used as denaturant. The protein 
concentration was 0.867 mg/ml. The 
difference spectrum obtained by subtracting 
the absorbance of native BSA from that of 
denatured BSA is shown in the inset. 
Fig. 10 Excitation spectra (A) and emission spectra (B) 55^  
in th presence ( ) and absence ( ) of 
9 M urea obtained in 0.06 M sodium phosphate 
buffer, p. 7.0. Numbers 1 and 2 represent 
buffer and buffer containing 9 M urea. 
Fig. 11 Urea induced denaturation transitions of 62 
defatted (A) and fatted BSA (B) obtained by 
uv difference spectroscopy in 0.06M sodium 
phosphate buffer, pH 7.0. The protein 
XI 
concentration was 1.41 mg/ml. 
Fig. 12 Urea unfolding curves for defatted BSA (A) 63 
and fatted BSA (B) at 25°C in 0.06M sodium 
phosphate buffer, pH 7.0 obtained by 
measuring fluorescence intensity at 340 nm. 
The protein concentration was 0.048 mg/ml. 
Relative fluorescence represents the ratio 
of fluorescence intensity in the presence of 
urea to the fluorescence intensity in the 
absence of urea. 
Fig. 13 Fraction unfolded as a function of urea 65 
molarity calculated from the data obtained by 
uv difference spectroscopy. A Defatted BSA ( 
a—•) and fatted BSA (o o) B. Plot B has been 
drawn from the denaturation plot of defatted 
BSA assuming it to be three state transition. 
The 1st of the two transition (A A) 
represents native to intermediate (N ' =" X) 
transition and 2nd (« ©) intermediate to 
denatured (N •«—^ D) transition. 
Fig. 14 Fraction denatured of defatted (• •) and 66 
fatted BSA (o o) as a function of urea 
molarity, calculated from the data obtained 
by fluorescence spectroscopy. 
Fig. 15 A G p as a function of urea molarity. TheAc^, 68 
values were calculated using the data 
obtained by uv difference spectroscopy. The 
different symbols represent (• •) defatted 
BSA 1st transition, (e e) defatted BSA 2nd 
transition and (o o) fatted BSA. 
Fig. 16 AGJ-) as a function of urea molarity for 69 
defatted (o o) and fatted BSA (• •) . The 
A G D values were calculated by using the data 
obtained by fluorescence spectroscopy. 
Fig. 17 UV difference spectra of defatted BSA (• •) 71 
and fatted BSA (o o) in the presence of 4.5 
M urea. All the solutions were prepared in 
0.06 M sodium phosphate buffer, pH 7.0. The 
protein concentration was 1.56 mg/ml. 
Fig. 18 UV difference spectra obtained by subtracting 73 
the absorption spectrum of fatted BSA in the 
presence of 4.5 M urea from that of 
absorption spectrum of defatted BSA obtained 
in the presence of 4.5 M urea. Remaining 
details are same as given in legend to Fig. 
Xll 
17. 
Fig. 19 Emission spectrum of fatted (a) and defatted 74 
(b) BSA obtained in the presence of 4.5 M 
urea.(c) represents the emission spectrum of 
buffer containing 4.5 M urea. The protein 
concentration was 0.048 mg/ml. 
Fig. 20 Frontal analysis of defatted (A) and fatted 75 
bSA (B) in the absence of urea on Sephacryl 
S-200 HR column (66x2.02cm). 36.7 mg of 
protein in 50 ml of eluant was applied. 
Fractions of 1 ml were collected after 
discarding 40 ml. 0.6 ml of each fraction was 
monitored by the method of Lowry ejt al. 
(1951). Elution was performed with 0.06M 
sodium phosphate buffer, pH 7.0. The flow 
rate of the column was 30 ml/hour. 
Fig. 21 Frontal analysis of defatted BSA (A), fatted 75 
BSA (B) and defatted BSA mixed with 6 moles 
of palmitic acid (C) in the presence of 4.5 M 
urea on Sephacryl S-200 HR column (66x2.02 
cm) . 36.25 mg of each protein in 50 ml of 
eluant was applied. Elution was performed 
with 0.06 M sodium phosphate buff,er pH 7.0 
containing 4.5 M urea. Rest details are same 
as given in the legend to Fig. 20. 
Fig. 22 Frontal analysis of defatted BSA (A) and 77 
fatted BSA (B) in the presence of 9 M urea on 
Sephacryl S- 200 HR column (66x2.02cm). Rest 
details are same as given in the legend to 
Fig. 20. 
Fig. 23 Elution profiles of defatted (A) and fatted gO 
BSA (B) on Sephacryl S-200 HR column 
(66x2.02cm). 6 mg of each protein in 1.5 ml 
of eluant was applied. Elution was performed 
with 0.06 M sodium phosphate buffer, pH 7.0 
at the rate of 32 ml/hour in 2 ml fractions. 
0.3 ml of each fraction was used for 
monitoring which was done by the method of 
Lowry et al. (1951). 
Fig, 24 Elution profiles of defatted BSA (A) , fatted gl 
BSA (B) and defatted BSA dimer (C) on 
Sephacryl S-200 HR column (66x2.02cm) 
obtained in the presence of 4.5 M urea. 7 
mg of each protein in 2 ml of eluant was 
applied after 12 hour of incubation. Elution 
was performed with 0.06 M sodium phosphate 
x m 
buffer, pH 7.0, containing 4.5 M urea . The 
fraction size was 1 ml . Rest details are 
same as given in legend to Fig. 23. 
Fig. 25 Chromatographic profiles of defatted BSA 82 
(A), fatted BSA (B) and defatted dimeric BSA 
(C) in the presence of 9 M urea on Sephacryl 
S-200 HR column (66x2.02cm). 8 mg of each 
protein in 2 ml of eluant was applied after 
12 hours of incubation. Elution was 
performed with 0.06 M sodium phosphate 
buffer, pH 7.0 containing 9 M area. Rest 
details are same as given in the legend to 
Fig. 23. 
Fig. 26 Chromatographic profiles of defatted BSA 84 
incubated in 4.5 M urea for 12 hours and then 
for another 48 hours in the presence of 6 
moles of fatty acid. 6 mg of the protein in 2 
ml of eluant was applied on Sephacryl S-200 
HR column (66x2.02cm). Elution was performed 
with 0.06 M sodium phosphate buffer, pH 7.0 
containing 4.5 M urea. Rest dtails are same 
as given in the legend to Fig. 23. 
Fig. 27 Elution profiles of defatted BSA in the 85 
presence of 4.5 M urea obtained at 
different incubation periods of urea with 
protein on Sephacryl S-200 HR column 
(66x2.02cm). Different letters represent A=0 
hour incubation, B=8 hours incubation C=12 
hours incubation D=24 hours incubation and E 
= 168 hours incubation. Rest details are same 
as given in the legend to Fig. 23. 
Fig. 28 Elution profile of fatted BSA in the presence 86 
of 4.5 M urea obtained at different 
incubation periods of urea with protein on 
Sephacryl S-200 HR column (66x2.02cm). Rest 
details are same as given in legend to Fig. 
27. 
Fig. 29 Plot of percent aggregation against time, gy 
Symbol (• •) represents defatted BSA 
whereas (o o) represents fatted BSA. The 
percent aggregation was calculated from the 
data obtained by gel chromatography. 
« 
Fig. 30 Chromatographic profiles of BSA containing 90 
0(A),2(B) and 4 (C) moles of fatty acid per 
mole of protein on Sephacryl S-200 HR column 
(66x2.02cm). The fraction size was 1 ml. Rest 
XIV 
details are same as given in legend to 
Fig. 23. 
Fig. 31 Plot of percent aggregation versus 92 
paltnitate/BSA molar ratio. Percent 
aggregation was calculated from the data 
obtained by gel chromatography. 
Fig. 32 Polyacrylamide gel electrophoresis of 93 
defatted BSA (a) , fatted BSA (b) , BSA dimer 
(c) and defatted BSA mixed with 6 moles of 
palmitic acid (d) on 10% (w/v) gels in the 
absence (A) and presence of 4.5 M(B) and 9 
M (C) urea, at pH 8.2. Rest details are 
same as given in the legend to Fig. 5. 
Fig. 33 Isolation of aggregated forms of defatted BSA 95 
on Sephacryl S-200 HR column (66x2.02cm) in 
the presence of 4.5 M urea. 80 mg of defatted 
BSA in 2 ml of eluant was applied. Elution 
was performed with 0.06 M sodium phosphate 
buffer, pH 7.0 containing 4.5 urea. Fractions 
of 1 ml were collected and monitored by the 
method of Lowry et, al. (1951) . Fractions 
with a thick line under each peak were 
collected for the isolation of peak I, II 
and III. 
Fig. 34 Chromatographic profiles of peak I (A) , peak 93 
II (B) and peak III (C) on Sephacryl S-200 HR 
column (100.5x2.4cm). 8 mg of each protein in 
4 ml of eluant was applied Elution was 
performed with 0.06M sodium phosphate 
buffer, pH 7.0, at a flow rate of 40 ml / 
hour in 5 ml fractions. Fractions were 
monitored by the method of Lowry et. al. 
(1951) . 
Fig, 35 Chromatographic profiles of peak I (A), peak 99" 
II (B) and peak III (C) on Sephacryl S-200 
HR column (66x2.02cm) in the presence of 4.5 
M urea. Elution was performed with 0.06 M 
sodium phosphate buffer, pH 7.0, containing 
4.5 M urea, at the rate of 3 0 ml/hour in 2 ml 
fractions. 6 mg of each protein in 2 ml of 
eluant was applied. Fractions were monitored 
by the method of Lowry et ai. (1951). 
Fig. 36 olyacrylamide gel electrophoresis of peak I -J^ QQ 
(1), peak II (2) ; peak III (3), defatted BSA 
monomer (4) and BSA dimer in the absence (A) 
and presence (B) of 4.5 M urea. Rest details 
XV 
are same as given in the legend to Fig. 5. 
Fig. 37 UV absorption spectra of peak I (A) , peak II io2 
(B), peak III (C) and BSA dimer (D) obtained 
in 0.06 M sodium phosphate buffer, pH 7.0. 
The concentration of each protein 
preparation was 1.01 mg/ml. 
Fig. 38 UV difference spectra obtained by io3 
subtracting the absorbance of native 
defatted BSA from that of peak I (A) , peak 
II (B) , peak III (C) and BSA dimer (D) all 
the solution were prepared in 0.06 M sodium 
phosphate buffer, pH 7.0. 
Fig. 39 Excitation (A) and Emission (B) spectra of ^QA 
different peaks isoalted in the presence of 
4.5 M urea and BSA dimer. The numbers 1,2,3 
and 4 represent the excitation spectra of 
peak I, II, III and BSA dimer, respectively, 
whereas 6,7,8 and 9 reperesent the emission 
spectra of these samples. The protein 
concentration for peak I and II was O.l 
mg/ml, whereas for peak III and BSA dimer, 
it was 0.048 mg/ml. The solutions were 
prepared in 0.06 M sodium phosphate buffer, 
pH 7.0. 11 and 12 represent the excitation 
and emission spectra of buffer. 
Fig. 40 Sodium dodecyl sulphate - polyacrylamide gel io5 
electrophoresis in the absence (A) and 
presence (B) of RSH on 7.5% (w/v) gels at pH 
8.2. The numbers 1,2,3,4 and 5 represent BSA 
monomer, peak I, peak II, peak III and BSA 
dimer respectively. Rest of the details are 
same as given in the legend to Fig. 5. 
Fig. 41 Plot of DTNB titration. Different symbols -j^Qg 
represent (o o) defatted BSA, (• •) peak 
I, (D D) peak II, (• •) peak III and 
{ ^ A) alkylated BSA respectively. 
Fig. 42 UV difference spectra of peak I (A) , peak II -^^-^^ 
(B) peak III (C) and BSA dimer (D) obtained 
in 0.06M sodium phosphate buffer pH, 7.0. 
obtained in 9 M urea. The protein 
concentration was 0.698 mg/ml (Peak I) 1.046 
mg/ml (peak II), 0.92 mg/ml (peak III) and 
1.2 mg/ml (BSA dimer) . 
Fig. 43 Emission spectra of peak I (A) , peak II (B) , -^^2 
peak III (C) and BSA dimer (D) obtained in 
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the absence ( ) and presence ( ) of 9 
M urea. The numbers 1 and 2 represent the 
emission spectra of buffer in the presence 
and absence of 9 M urea. 
Fig. 44 Denaturation transitions of peak I (A) BSA 
dimer (B) , peak II (C) and peak III (D) 
obtained by uv difference spectroscopy in 
0.06M sodium phosphate buffer, pH 7.0. The 
protein concentration was 1.15-1.25 mg/ml. 
Fig. 45 Urea induced denaturation profiles of peak I -j^ ^^ ^ 
(A), dimer (B), peak (II) (C) and peak III 
(D) at 25°C, pH 7.0 obtained by fluorescence 
spectroscopy. All the solutions were prepared 
in 0.06 M sodium phosphate buffer, pH 7.0. 
Fig. 46 Plots of fraction denatured versus urea -j^-j^^ 
molarity. Fraction denatured has been 
calculated from the data obtained by uv 
difference spectroscopy. 
Fig. 47 Fraction denatured of peak I (A) , BSA dimer ^^ -j^ ^ 
(B) , peak 11(C) and peak III (D) as a 
function of urea molarity. The fraction 
denatured has been calculated from the data 
obtained by fluorescence spectroscopy. 
Fig. 48 AGJ-) as a function of urea molarity xig 
calculated from the data obtained by uv 
difference spectroscopy. The different 
symbols represent (• • ) peak I 1st 
transition, (e © ) peak I 2nd 
transition, (o o) peak II, (A A) peak III 
and (A A) BSA dimer, respectively. 
Fig. 49 A Gj-j as a function of urea molarity. The 119 
A G D values were calculated using the data 
obtained by fluorescence spectroscopy. The 
different symbols represent (9 a) peak I 
1st transition, (• •) 
peak I 2nd transition, (A A) peak II, (o—o 
) peak III and (V- »t ) BSA dimer, 
respectively. 
Fig. 50 Plot showing the relationship between percent 121 
fluorescence quenching and bromocresol 
green(BCG) molarity. Percent quenching for 
different protein preparations was calculated 
relative to the native albumin in the absence 
of (BCG) which was taken to be 100%. The 
different symbols represent (o o) peak I, ( 
xvil 
c •) peak II, (c c) peak III, i^—^) defatted 
BSA monomer and (A-—^) defatted BSA dimer, 
respectively. The corrected absorbance of all 
the protein solutions was 1.48 at 279 nm. 
0.5ml of this solution was taken in each 
tube and final volume was made upto 5 ml 
with buffer and BCG. The binding was 
performed in the presence of 4.5 M urea. 
Fig. 51 Plot showing the relationship between percent i23 
fluorescence quenching and bilirubin 
molarity. Rest details are same as given in 
the legend to Fig. 50. 
Fig. 52 Plot showing the relationship between percent 124 
fluorescence quenching and ANSA morlarity. Rest 
details are same as given in the legend to Fig. 
51. 
Fig. 53 UV difference spectra of alkylated defatted BSA 126 
(A) and defatted BSA (B) obtained in the presence 
of 4. 5M urea. All the solutions were prepared ia 
0.06M sodium phosphate buffer, pH 7.0. The p^^tein 
concentration was 0,8 mg/ml. 
Fig. 54 Elution profile of alkylated BSA in the presence 127 
of 4.5 M urea (A) and 9M urea (B) on Sephacryl S-
200 HR column (66. 5x2.02cm) . 6mg of each protein 
in 2 ml of eluant was applied. Elution was 
performed with 0.06M sodium phosphate buffer, pH 
7.0 containing 4.5 M and 9 M urea respectively. 
The flow rate was 30 ml /hour. 2 ml fractions 
were collected and were monitored by the method of 
Lowry et al. (1951). Inset 1 and 2 show the PAGE 
pattern in 4.5 and 9 M urea, respectively. 
Jntwduction 
General 
Albumin is a member of multigene family of proteins 
that includes alpha feto protein (AFP) and vitamin D binding 
protein. It constitutes about 60% of the total serum 
proteins serving the transport, distribution and metabolism 
of many exogenous and endogenous ligands (Peters, 1985). 
Serum albumin contributes 80% to colloid osmotic pressure 
and about 10% protein nutrition of cells (Lohse et al. , 
1978) . It is chiefly responsible for maintenance of blood 
pH (Figge et, aJ. , 1991) . It is also found in the tissues 
and bodily secretions throughout the body. 
Albumin binds a plethora of different compounds 
including inorganic ions and a multitude of metabolites, 
hormones and drugs as well as physiologically important 
ligands like biliriibin and fatty acids. Among the wide 
variety of functions associated with albumin are: 
i. its use as a stabilizer 
ii. as source of nutrition in cell cultures 
iii. as sequestor for lipophillic compounds 
iv. as a reference standard in the assay of proteins 
V. as a model for studying the physicochemical properties 
of proteins 
vi. as a model antigen and 
vii. as carrier for haptenic molecules. 
Genetics and biosynthesis 
The complementary DNA molecules (cDNA) have been 
synthesized from albumin mRNA and cloned in Escherchi 
coli. Using DNA as hybridisation tool genes for serum 
albumin of human (Hawkins and Dugaiczyk, 1982), rat 
(Sargent et al. . 1983) mouse (Kioussis et al. . 1981) and a 
number of other organisms have been isolated. The albumin 
gene contains about 16,000 nucleotide base pairs, nearly 10 
times the length of coding segment (about 1830 base 
pairs) . There are 14 introns in the albumin gene, thereby 
creating 15 exons. These exons have been designated by 
letters ZABCDEFGHIJKLMN. The leader exon Z contains the 5' 
untranslated portion of mRNA including the initiation and 
capping sites. It also codes for 18 residue signal peptide, 
the 6 residue propeptide and 2 1/3 residues of albumin 
chain. Domains I, II and III are coded by exons ABCD, EFGH 
and IJKL, respectively whereas the C-terminal tail (571-
584) and the termination codon are coded by exon M. Exon N 
is not translated but contains the site for polyadenylation 
and 3' terminus of the gene (Peters, 1985) . 
The synthesis of albumin takes place in the liver. 
The synthesis starts with the attachment of 19 ribosomes to 
one albumin mRNA molecule to form a large polysome. It is 
synthesized as 'preproalbumin' containing a leader sequence 
of 18 amino acid residues (MacGillivery et al., 1979) which 
directs the growing polypeptide chain through the membrane 
of endoplasmic reticulum. The leader sequence is cleaved 
even before completion of translation. The newly formed 
albumin is called 'prealbumin'. It contains an additional 
basic propeptide, Arg-Gly-Val-Phe-Arg-Arg, attached at its 
amino terminus. It guides the polypeptide chain from 
endoplasmic reticulum to golgi complex for proteolytic 
processing and secretion (Judah, 1983). The removal of 
hexapeptide converts prealbumin into biologically active 
albumin. 
Isolation 
Commercially albumin is prepared by ethanol 
fractionation methods developed by Cohn and his colleagues 
(1946) . Since then several procedures have been developed 
for the isolation and purification of albumin. Many of these 
procedures are based on precipitation of albumin with 
compounds like dextran sulfate (McKernan and Rickets, 1960) 
rivanol (Klador et ^ . , 1961) polyethylene glycol (Gambal, 
1971) , polyphosphates (Nitschmann et, _al. , 1956) and ammonium 
sulfate (Tayyab and Qasim, 1990a) More recent methods of 
isolation are based on affinity systems using ligands such 
as palmitate (Peters et. ai., 1973), bilirubin (Hieroski and 
Brodersen, 1974), blue dextran (Travis and Pannel, 1973) and 
cibacron blue (Ghiggeri and Queirolo, 1985) . 
Crystallisation 
In 1951 Lewin published an extensive list of 
derivatized human and bovine crystals. Later molecular 
weight and hydration of albumin were determined using X-ray 
diffraction methods (Low and Richards, 1954) . Detailed 
description for the crystallisation of a mercury dimer of 
human serum albumin (HSA) were given by Hughes and Dintzis 
(1964) . Studies for the determination of three dimei sional 
structure started in early 1970's (McClure and Craven, 1974; 
McPherson, 1976; Rao et. al. , 1976). Due to lack of 
reproducibility and other undesirable properties of 
crystals, progress could not be made in this direction till 
1989, when Carter and his group reported the structure of 
HSA. Incidentally, in the same year serum albumin was also 
crystallised in space (Delucas et_ al., 1989) . The quality of 
serum albumin crystals has improved with the advent of 
microgravity environment (Miller et al., 1992) . The presence 
of continuous solvent channels and high solvent content 
(78%) are the characteristic features of albumin crystals 
(He and Carter, 1992) . 
Physicochemical properties 
Some of the physicochemical properties of albumin are 
given in Table 1. The molecular weight of BSA varies between 
65,000 and 69,000 (Baldwin, 1957; Squire et ai. , 1968; 
Tanford, 1968; Andrews, 1970) which is in close agreement 
with the value 66,267 calculated from its amino acid 
composition (Brown anc^  Shockley, 1982) . The absence of any 
change in molecular weight after treatment with 
mercaptoethanol in the presence of sodium dodecyl sulfate 
followed by alkylation confirmed that protein exists as a 
single polypeptide chain (Thompson, 1958; Hunter and 
McDuffie, 1959) . The shape of albumin has been studied by 
various techniques, viz., dielectric dispersion, 
sedimentation, electric birefringence, low angle X-ray 
scattering and electron microscopy (Moser et al., 1966; 
Luzzati e^ a^., 1961; Champagne, 1957; Chatterjee and 
Chatterjee, 1965) . From these studies Squire et_ ai. (1968) 
concluded that albumin behaves like a prolate ellipsoid with 
dimensions of 41.6x140 A. This gave an axial ratio of 3.4. 
Based on these parameters Brown and Shockley (1982) 
proposed a cigar shape for the albumin molecule. However, 
recent X-ray crystallographic studies have shown that it is 
heart shaped molecule having an axial ratio of 2.66 (Carter 
and HO, 1994) and it has been approximated to a solid • 
TABLE - 1 
PHYSICOCHEMCIAL PROPERTIES OP BOVTNE SERUM ALBUMIN 
PROPERTY VALUE REFERENCE 
Molecular weight 
(a) From composition data 66,267 
(b) From Physical data 69,000 
Sedimentation, coefficient 
S20; W XIQ-'-^  4.5 
Diffusion coefficient 
D^Q; W xlO^ 5.9 
Partial specific volume, 
V20 0.733 
Stoke's radius A 37 
Intrinsic viscosity n 0.041 
Overall dimension A 41.6x140.9 
Refractive index 
increment 578 nmxlO 1.90 
Optical Absorbance 
211 nm, Ig/lit. 0.667 
Isoelectric point 4.7 
Isoinic point 5.3 
Mean residue ellipticity 
(0) 209 nm 20.1 
(0) 222 nm 20.1 
K-hel ica l con t en t* 67% 
^ t u r n s * 10% 
Emission maximum 343 nm 
Overall charge at pH 7.0 -18 
Nitrogen content of 16.20 
defatted dry powder 
Brown and Shockley (1982; 
Tanford (1968) 
Squire et ai. (1968) 
Wagner and Scheraga (1956) 
Hunter (1966) 
Longsworth (1954) 
McMillan (1974) 
Wright and Thompson (1975) 
Perlman and Longsworth (194 0) 
Janatova e^ aj,., (1968) 
Peters (1975) 
Foster (1960) 
Noel and Hunter (1972) 
Noel and Hunter (1972) 
He and Carter (1992) 
He and Carter (1992) 
Peters (1985) 
Peters (1985) 
Peters (1985) 
HSA 
equilateral triangle with sides of 80 A and a depth of 30 A. 
Structural organisation 
The most striking feature of albumin is its 
organisation into three domains (Brown, 1975; 1977). These 
correspond to residues 1-190, 191-382 and 383-582 (Brown, 
1976) . Each domain is divided into two large and a small 
double loop structure. All the domains have (5-6) several 
disulfide bonds. An interesting observation made by Brown 
(1976) was the occurrence of invariant proline residues in 
the middle of the sequence enclosed by disulfide bonds in 
all the large loops. Therefore, it was suggested that t^e 
sequence enclosed by a disulfide bond in the large loop 
primarily contains alpha helical structure and its 
continuation is broken by invariant proline residues in the 
middle of the sequence. 
The three dimensional structure of HSA has been worked 
out (He and Carter, 1992) by X-ray crystallography (Fig. 
1) . These studies have shown that each domain consists of 
two subdomains (lA, IB etc.) which are extensively cross 
linked by disulfides. There are 10 principle helices in each 
domain (hl-hlO). The hl-h6 helical segments form subdomain 
A whereas h7-hl0 constitute subdomain B (Fig. 2) . The 
disulfide connecting hi and h3 does not exist in subdomain 
lA. In addition to this common structural motif subdomain A 
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Fig, Stereoview of human serum albumin illustrating the 
overall topology and secondary structure deduced 
from X-ray studies (He and Carter, 1992) . 
- ^ • < -
Subdomain A 
ss--\Qi 
n9 Md 
Cjr 
Subdomain B 
Fig. 2 Topological illustration of a typical domain in 
human serum albumin (He and Carter, 1992). 
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also contains two additional short antiparallel helices on 
the C-terminal side. These short helices are tied together 
by a pair of disulfide bridges forming a smaller disulfide 
loop. The B subdomains supplement the helical motif with N-
terminal portion of the extended polypeptide thereby 
creating a simple up and down helical bundle. Subdomains A 
and B are connected by means of an extended polypeptide 
whereas interdomain connection represents a helical 
continuation from the C-terminal portion of IB and IIB 
helices to the N-terminal helices of IIA and IIIA (helices h 
10(1)- hi (II) and hlO(II)-hl (III)), respectively resulting 
in the formation of two longest helices in HSA. The act^ax 
number of helices in HSA is, therefore, 28 rather than 30. 
Amino acid composition 
Albumin is characterized by high content of cysteines 
and charged amino acids and low content of tryptophan, 
methionine and glycine residues (Brown and Shockley, 1982). 
The number of acidic amino acids is more as compared to 
basic amino acids giving acidic character to the albumin 
molecule. The distribution of amino acids is uneven. 
Glycine is concentrated in the amino half of the molecule 
whereas threonine favours the carboxyl half of the 
molecule. Asparagine and glutamine occur in greater 
frequency near the ends than in the middle. Tyrosines are 
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heavily concentrated in loop 3 and loop 6 and prolines 
occur at the tip of each loop. Except lamprey and frog 
albumin, all other albumins do not contain any site for 
enzymatic glycosylation. 
Disulfide pairing 
Excepting cysteine 34, all other cysteines are 
involved in disulfide linkages which are responsible for the 
typical folding topology and stability of albumin molecule 
under variety of experimental conditions. The conformation 
of disulfides are gauche-gauche-gauche (C -i^ -S-j^ -S^ -C 2^  with 
torsion angles clustering around ±80°. (He and Carter, 
1992) None of the disulfides are accessible to the solvent 
but they become accessible with the unfolding of the albumin 
(Katchalski et al., 1957). 
The lone sulfhydryl Cys 34 has a low pKgjj of 5 as 
compared to 8.5 and 8.9 of cysteine and glutathione 
(Pederson and Jacobsen, 1980). The crystal structure of HSA 
indicates that Cys 34 is located in a crevice with Glu 82 
and His 39 lying in close proximity (Carter and Ho, 1994). 
Other albiimins 
In the last seven years the sequence of a number of 
albumins has been determined. A few examples are of sheep 
12 
(Brown et, al., 1989), frog (Moskaitis et ai., 1989), salmon 
(Brynes and Gannon, 1990), mouse (Minghetti et ai., 1985), 
pig (Weinstock and Baldwin, 1988), and sea lamprey (Gray and 
Doolittle, 1992). Sequence homology has been found in these 
albumins with the exclusion of salmon, frog and lamprey. 
High percentage of sequence identities have been observed 
between bovine and ovine (92%) and HSA and BSA (76%) 
whereas rat albumin, BSA and HSA show 61% sequence 
homology. About 322 (57%) invariant amino acid residues in 
the sequences of mammalian albumins and 95 (16%) invariant 
amino acids are conserved including frog and salmon 
albumins. Lamprey albumin has been found to contain seven 
domains and is thus the only exception to the three domain 
structural motif (Carter and Ho, 1994) . 
Heterogeneity 
Usually albumin shows heterogeneity during its life 
time. This may arise due to protein-protein association, 
ligand binding (Moehring et aJ., 1983) and conformational 
isomerization. Fraglen (1974) has classified this 
heterogeneity as macroheterogeneity and microheterogeneity. • 
The former involves the formation of dimers, oligomers or 
polymers of albumin (Finlayson et al. , I960; Friedli and 
Kistler, 1970; Barnes et_ aJ. , 1974). The 
microheterogeneity of albumin preparations arises due to the 
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differences in the amount of bound ligands such as lipids, 
bilirubin and various other metabolites and drugs. (Foster, 
1960/ Peterson and Foster, 1965; McMenamy and Lee, 1967,-
Anderson, 1969; Valmet, 1970). Besides, several genetic 
variants of albumin have been reported (Tarnoky, 1980). 
Albumin polymorphism and analbuminemia (lack of albumin) 
are very rare (Dammacco et al., 1980). 
Ligand binding properties 
The most unique feature of albumin is its ability to 
bind a broad spectrum of ligands (Peters, 1985) . These 
include inorganic ions like Ca''"''' (Pederson, 1970) , Cu"*"^ , 
Ni"^ "^ , Hg"^ "^  (Sarkar, 1983), Zn"^ "^  (Gurd and Wilcox, 1956), Mn"^ "^  
(Nandedkar et aJ. , 1973), Au"^ "^  (Shaw, 1979) and Al"^ "^ "^  (Trap, 
1983) and a wide variety of drugs and hormones. Albumin 
binds some of the physiologically important ligands like 
fatty acids (Spector, 1986) and bilirubin (Brodersen, 1979) 
Many organic dyes also bind to albumin. These include 
methyl red (Rodkey, 1961), bromocresol green (Reed, 1987), 
bromophenol blue (Tayyab and Qasim, 1990b) and congo red 
(Peters, 1970) . Other biologically important ligands which 
bind to albumin include tryptophan (Sollene et_ ai. , 1981), 
folate (Soliman and Olesson, 1976) , catecholamines (Powis, 
1974), prostaglandins (Hamberg and Fredholm, 1976), 
lysolecithin (Nakagawa and Nishida, 1983) and hematin (Adams 
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and Berman, 1980). Recently albumin has been found to be 
the key carrier of nitric oxide (Stamler et al., 1992). The 
role of pharmacokinetic distribution of drugs has been 
studied by a number of workers (Krag-Hansen, 1981). 
The binding sites for small heterocyclic and aromatic 
carboxylic acids are found in specialized cavities of IIA 
and IIIA subdomains. Cys-34 and N-terminus are the two 
distinct metal binding sites whereas bilirubin binding site 
is believed to be located in IIA subdomain of the albumin 
molecule (Carter and Ho, 1994). It is generally believed 
that serum albumin contains two strong and four weak 
binding sites for fatty acids (Berde et_ al. , 1979) . NMR 
studies of Cistola et _al. (1987a) suggest that there are 
two types of binding sites. The 1st class represent the 
higher affinity binding sites and 2nd ones are of lower 
affinity. A cluster of basic residues in the hydrophobic 
channel of 1st and 2nd binding sites provides candidates 
for ionic bond (Cistola et, .aJL. , 1987b) . Studies with 
nitroxide spin labelled reporter groups showed that the 
central part of the fatty acid molecule is held most rigidly 
and the ends of the fatty acids are free to move (Morrisett 
et al., 1975). Dielectric relaxation studies have shown that 
binding of oleate to albumin occurs in two distinct steps 
(Scheider, 1980) . The first step involves a rapid (< Im 
sec) loose attachment of fatty acid to the surface of 
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albumin molecule. After every 0.3 second a hydrophobic 
pocket opens allowing the hydrophobic portion of the fatty 
acid to gain access to the interior of protein molecule. 
This entropy driven step is followed by enthalpic formation 
of an ionic bond between the carboxyl part of the fatty 
acid and a cat ionic amino acid side chain. Thermodynamic 
parameter for the binding of laurate and myristate are 
shown in Table II. The binding of three or more fatty acids 
produces a slight opening of the interface between the two 
halves of the molecule and rotation of domain I (Carter and 
Ho, 1994) . However, the dielectric properties and viscosi^ y^ 
data of Soetewey et. al., (1972) indicate that albumin 
molecule (defatted) becomes more compact and rounded upon 
the binding of 1st two fatty acid molecules with axial 
ratio falling to 2.2. 
The exact location of binding sites of fatty acids is 
obscure. Binding of fatty acids with different fragments 
have shown that the primary binding site occurs in domain 
III, secondary binding site resides between II and III 
domain, whereas tertiary binding site is found in the N-
terminal region (Reed e^ al., 1975; Reed, 1986). The effect 
of binding of excess of palmitate and parinarate on 
bilirubin binding (Reed, 1977; Sklar et, aJ. , 1977) as well 
as fluorescence quenching of trp 214 (Spector and 
16 
TABLE - II 
THERMODYNAMIC PARAMETERS FOR BINDING OF LADRATE, MYRISTATE 
AND PALMITATB* 
Patty acid 
AH AG TAS 
Ldurate^ -48 -41 -7.0 
Myristate^ -47 -45 -2.4 
a Taken from Pederson et, al-, (1990) 
Palmitate 
Primary site -40 -14 -34 
Secondary sice -32 -31 +1 
b Taken from Specter et al.,(1969) 
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Fletcher, 1978) led to the proposal that fourth binding 
site is located in domain II. Hamilton et al. (1991) using 
BSA and "'•^C enriched oleic acid determined one primary 
site in domain I and two additional primary sites in domain 
III. Recent diffraction experiments with HSA cocrystallised 
with lauric acid and iodinated lauric acid revealed three 
major sites for iodinated fatty acid, one located in IB 
subdomain and one in the binding pocket of IIIA subdomain 
and other in IIIB subdomain (Carter and Ho, 1994) . 
Structural perturbation and denaturation 
The three dimensional structure of albu.uin ^ -
sensitive to pH, temperature and various denaturants. pH 
dependent conformational changes have been studied quite 
extensively since late 1950's (Foster, 1977). Between pH 5.0 
and 7.0, albumin molecule exists in its native state (N 
form) . When pH is lowered to 4.5, albumin molecule • 
undergoes a conformational change from N state to F state 
(F for fast electrophoretic movement) This change has been 
called NT ^F transition. About 40 carboxyls are 
exposed during this transition (Foster, 1977) and there is 
an expansion of the albumin molecule by the dissociation of 
the C-terminal half or tail from the head albumin (Hilak 
et al., 1974; Khan, 1986; Carter and Ho, 1994). This 
transition is further characterized by increase in 
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viscosity, much lower solubility, loss in helical content 
(Foster, 1977) and increase in tyrosyl exposure (Herskovits 
and Laskowski, 1962). The conservation of N^ *> F transition 
among various species suggests that this transition probably 
facilitates ligand off loading at various tissue interfaces 
(Carter and Ho, 1994). When pH is decreased below pH 4.0 
albumin molecule becomes fully uncoiled within the limits 
of its disulfide bonds increasing the axial ratio from 4 to 
9 (Harrington e_t aJ. , 1956) . This state is called as 
expanded (E) form. Carter and Ho (1994) have proposed that 
E form is formed due to sequential subdomian dissociation 
resulting in the loss of intradomain helices. Two more 
isomeric forms associated with the pH change have been 
reported in alkaline pH range. Increase in pH form 7 to 9 
leads to the formation of basic form (B) and is believed to 
occur in several steps (Hart e^ al-, 1986) . B form shows 
decrease in the helical content and increase in the 
affinity for selected ligands (Zurakowski and Foster, 1974). 
Treatment of albumin solution at pH 9.0 at 3°C for 3-4 days 
converts it into another isomeric form called as A (A for 
aged) form. This isomerization can be prevented by blocking 
the free sulfhydryl group of the protein thereby suggesting 
that disulfide interchange is involved in this transition. 
The stability of albumins (HSA or BSA) has been 
studied by heat (Brandt and Anderson, 1976-; Gumpen et ai. , 
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1979), Urea (Khan et ai., 1987), guanidinium salts (Gordon, 
1973), surfactants (Oakes and Cafe, 1973), cationic 
detergents (Nozaki et, ai., 1974), organic solvents such as 
2-chloroethanol (Maes, 1976), differential scanning 
colorimetery (Yamasaki et al., 1990; 1991) and urea gradient 
electrophoresis (Creighton, 1979) . Albumin is a fairly 
stable protein and can even withstand 8M urea or 6M 
guanidinium chloride at 44°C (Tanford, 1968). However, 
prolonged heat treatment or exposure to alkali leads to 
irreversible denaturation (Aoki et al.. , 1973). The ability 
of reduced albumin to recover 50% of its palmitate binding, 
75% of bilirubin binding , 80% of antigenic activity and all 
its ellipticity indicate that the process of denaturation 
is reversible. Teale and Benjamin (1977) proposed that the 
refolding begins in all the three domains thus favouring 
the theoretical concept that the molecule is a collection 
of loosely linked autonomous parts. 
Urea and guanidine hydrochloride induced denaturation 
of albumin has been studied by a number of workers 
(Kauzmann and Simpson, 1953; Kauzm^nn and Douglas, 1956; 
Mckenzie et ^., 1963; Katz, 1968; Lapanje and Skerjnac, 
1974; Gordon, 1972; Katz et. al. , 1973; Taylor et al. , 1975; 
Johanson et al. , 1981; Fazili et ai., 1993). There seems 
to be no general consensus regarding the mechanism of 
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denaturation . One of the reasons for these 
interlaboratory differences in the denaturation profiles of 
albumin is due to the fact that denaturation has been 
studied by different techniques and is probably not a 
simple two state process (Wellevik, 1973; Khan et al . , 
1987). Moreover, in most of the denaturation studies the 
contribution of noncovalently associated ligands has not 
been taken into account. For instance, commercial albumin 
preparation contains variable content (0 to 1 mole of fatty 
acid per mole of albumin) of fatty acids. Since binding of 
fatty acids is believed to stabilize the native state of 
albumin (Shrake et al., 1984a; 1984b) the content of bound 
fatty acids would be expected to affect the denaturation 
profile of albumin. In a series of recent investigations 
on heat denaturation of albumin the role of fatty acids in 
the heat induced denaturation of albumin has been clearly 
emphasized (Shrake and Ross, 1988a; 1988b; 1990; 1992). In 
these investigations it has been shown that fatty acid 
0 
saturated preparation has a T^ of 78 C, whereas defatted 
o 
albumin has a T^ 60 C. In view of these discrepancies, urea 
denaturation studies on a carefully defatted albumin and 
albumin containing six moles of palmitic acid (fatted 
albumin) have been performed. The results suggest that the 
fatty acids not only stabilize the albumin but also prevent 
the formation of the intermediate. The denaturation of 
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fatted and defatted BSA and characterization of intermediate 
have been described and discussed in this thesis. 
Sfiperimental 
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Materials 
The materials used in this study are given as under: 
1. Proteins 
Bovine serum albumin was obtained from Sigma Chemical 
Co., USA (Lot 16F-0210) and Sisco Research Laboratories, 
India. 
2. Reagents used in electrophoresis 
Acrylamide, N,N' methylene bisacrylamide, Tris, ammonium 
persulfate, sucrose, glycerol, hydrochloric acid, glycine, 
acetic acid and methanol were obtained from Qualigens Fine 
Chemicals, India N,N,N',N', tetra ethylmethylene diamine, 
mercaptoethanol and sodium dodecyl sulfate were purchased 
from British Drug House, England. Bromophenol blue was a 
product of PPH, Poland. Dimethyldichlorosilane and 
coommassie brilliant blue G 250 were obtained from Sigma 
Chemcial Co., USA. Riboflavin was a product of E Merck, 
Germany. 
3. Reagents used in protein estimation 
Sodium carbonate, sodium potassium tartarate, copper 
sulphate, orthophosphoric acid. Lithium sulfate, sodium 
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molybdate, sodium tungtate and hydrochloric acid were 
obtained from Qualigens Fine Chemicals, Bombay. All these 
reagents were of analytical grade. Liquid bromine was 
procured from pFizer, Bombay. 
4. Reagents used in gel chromatography 
Blue dextran 2000 (Lot 62H-0796) Sephadex G-200 (Lot 
7340540) were purchased from Sigma Chemical Co; USA. Sodium 
azide was obtained from Loba Chemie, India. Solid glass 
beads (5mm diameter) were from Kimble resistant glass, USA 
Glass wool was obtained from Qualigens Fine Chemicals, 
India. 
5. Ligands used for interaction studies 
Bilirubin was obtained from Reanal, Budapest, Hungary. 
8-Anilino-l- napthelene sulfonic acid was purchased from 
Sigma Chemcial Co., USA. Bromocresol green was a product of 
British Drug House, England. 
6. Other reagents 
Charcoal, sulfuric acid, Excela R urea, sodium 
hydroxide, sodium chloride, potassium dichromate, potassium 
permanganate, ethanol, sodium phosphate monobasic and sodium 
phosphate dibasic were all of analytical grade. These 
chemicals were products of Qualigens Fine Chemicals. 
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Ethylene diamine-tetra acetic acid was purchased from 
British Drug House, England. 
7. Miscellaneous 
Dialysis sacs (Width 25 mm, Lot 8240050 and width 43mm 
Lot 9240291) were obtained from Sigma Chemical Co., USA. 
Millipore filters (pore size 0.45 um and 13 mm diameter, 
lot H-jHM 99566) were purchased from Millipore products 
division, Bedford, USA lodoacetamide (Lot 118C-5035) was 
obtained from Sigma Chemical Co. , USA. Buffer tablets of 
pH 4.0, 7.0 and 9.2 were products of Qualigens Fine 
Chemicals. Whatman Filter paper No.l (12.5 mm diameter) was 
purchased from Whatman Limited, England. 
Glass distilled water has been used throughout this 
study. 
Methods 
1. pH Measurements 
pH Measurements were carried out on an Elico pH meter, 
model Ll-IOT using Elico combined glass electrode type CL 
51. The least count of pH meter was 0.05 pH unit. The pH 
meter was calibrated with standard buffer solutions of pH 
4.0, pH 7.0 and pH 9.2 prior to any pH measurement. 
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2. Optical measurements 
Shimadzu double beam spectrophotometer model UV-150-02 
was used for measuring the absorbance in the ultraviolet as 
well as in the visible region. Matched silica cells of one 
centimeter pathlength were used. 
Fluorescence measurements were performed on a Shimadzu 
spectrofluorophotometer RF-540 equiped with a data recorder 
DR-3. All fluorescence measurements were performed at 
constant temperature by using a water jacketed cell holder 
attached to a thermostated water circulator from Shimadzu 
(TB 85). During fluorescence measurements the solutions were 
constantly stirred with the help of Hellma cuvette stirrer. 
Throughout these studies silica cuvettes of l cm light path 
were used for fluorescence measurements. 
3. Determination of protein concentration 
Protein concentration was determined either by the 
method of Lowry et, al. , (1951) or by spectrophotometric 
method. 
a. Method of Lowry et al, (1951): Two types of reagents are 
required for the protein estimation by the method of Lowry 
et al. (1951) They are: 
i. Folin-Phenol reagent and 
ii. Copper reagent 
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Folin-Phenol reagent was prepared by the method of 
Folin and Coicalteu (1927). One hundred grams of sodium 
tungstate, 25g of sodium molybdate, 50 ml of 85% 
orthophosphoric acid, 100 ml of 11.4N hydrochloric acid and 
700 ml of distilled water were taken in a two litre round 
bottom flask wrapped with black carbon paper. The mixture 
was refluxed for 10 hours. It was cooled and 150 g of 
lithium sulphate, 50 ml of distilled water and a few drops 
of liquid bromine were added. This mixture was heated for 3 0 
minutes without condenser inorder to remove excess bromine. 
The contents were allowed to cool and the total volume of 
the mixture was made upto one litre with distilled water 
to obtain the stock Folin-phenol solution. It was filtered 
and stored in an amber coloured bottle. The reagent was 
diluted four times with distilled water just before use. 
Copper reagent was prepared by mixing 4% (w/v) sodium 
carbonate, 4% (w/v) sodium potassium tartarate and 2% (w/v) 
copper sulfate. These solutions were mixed in the ratio of 
100:1:1 The reagent was prepared fresh and filtered 
before use. 
For protein estimation an appropriate volume of protein 
solution was mixed with 5 ml of freshly prepared copper 
reagent. The mixture was allowed to stand for 15 minutes 
after which 1 ml of Folin-Phenol reagent was added and the 
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contents were mixed well. Colour intensity was read after 30 
minutes at 700 nm, against a blank which was prepared in the 
same way as sample solution except that it contained buffer 
instead of protein solution. The only precaution while doing 
this estimation was the addition of Folin's reagent. This 
reagent is stablr only at acidic pH. Therefore, when the 
Folin's reagent was added to alkaline copper protein 
mixture, mixing was done immediately so that reduction of 
phosphomolybdic-phosphotungstate can occur before it 
breaks down. 
Quantitation of proteins by the method of Lowry et ai. 
(1951) was performed using a calibration curve of bovine 
serum albumin (BSA). Calibration plot was obtained by 
plotting absorbance values at 700 nm against BSA 
concentration. The data were analyzed by least squares 
analysis and gave the following straight line equation 
Y = 2.12 (X) + 0.014 (1) 
where Y is the absorbance and x is the protein 
concentration in mg/ml. 
b. Protein concentration by spectrophotometric method: The 
maximum absorbance of BSA in the UV region occurs at 279 nm. 
Therefore, measurement of absorbance at 279 nm was used for 
concentration determination. The absorbance values were 
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converted into concentration by using a specific extinction 
IS 
coefficient E^ ^^ ^ of 6.67 (Janatova et al., 1968). Scattering 
corrections were done by extrapolating absorbance values of 
protein solution in the 330-360 nm region and subtracting it 
from the absorbance at 2 79 nm. 
4. Gel Chromatography 
Gel Chromatography was performed on Sephadex G-200 
(88.2x2.21cm) , Sephacryl S-200 HR (100.5x2.4cm) and (66x2.02 
cm) columns. The first two columns were used for isolating 
the BSA monomer whereas the third was used for checking the 
conformational changes of BSA preparations in the presence 
of urea. 
10 g of Sephadex G-200 in 500 ml of distilled water 
were taken in one litre beaker. It was subjected to swellinc 
by immersing the beaker in a boiling water bath for about 
fine hours. After complete swelling five particles were 
removed by washing the gel several times with distilled 
water. 
A glass column (100x2.21cm) of uniform diameter was 
thoroughly washed with detergent, chromic acid and finally 
with distilled water. The narrow bore outlet of the column 
was connected to a small latex tubing attached with a screw • 
cock. The column was then mounted in a vertical, sturdy and 
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vibration free position. The diameter of the column was 
determined at several places along the height of the column. 
The column was filled with water and three pieces of graph 
paper each of 3 cm length were ' pasted at three different 
places on the column. Volumes of water corresponding to 3 cm 
height in the column were collected in three preweighed 
weighing bottles. The volume of water corresponding to 
height (1) of 3 cm was then determined by dividing the 
weight (W) by density (d). The volume of a cylindrical mass 
of liquid is given by 
V 
Xr^l 
(2; 
where r is the radius of the column in cm and v 
represents the volume of water contained by a small region 
of length 1 of the column, W is the weight of the same 
volume of water and d is the density of water at given 
temperature. The total volume (V^ .) of the column was 
calculated with the help of the following equation. 
V. Ar^h :3) 
where h denotes the total bed height of the column. 
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A small amount of glass wool previously boiled in 0.IN 
HCl was placed at the bottom of the column. It was covered 
with 5-6 glass beads. The screw cork was closed and the 
column was filled with 30-40 ml of distilled water. Degassed 
gel slurry was poured slowly along the walls of the column 
with the help of a glass rod. The gel was left to settle 
under gravity overnight at room temperature. The outlet of 
the column was then opened and it was operated at a flow 
rate of 5 ml per hour. As the gel settled down the flow rate 
was increased gradually to a value higher than that to be 
employed during elution. The gel bed was stabilized bv 
passing a volume of eluant (0.06 M sodium phosphate buffer, 
pH 7.0 containing 0.02% (w/v) sodium azide) which was three 
times the total bed volume. 
Sephacryl S-200 HR (100.5x2.4cm and 65x2.02cm) were 
packed in a similar manner since Sephacryl is supplied in 
the suspended form therefore, it was not subjected to 
hydration. 
For sample application the excess of buffer above the 
gel bed was removed by aspiration till the surface of the 
gel became visible. The sample was applied uniformly 
along the walls of the column without disturbing the gel 
bed. When all the protein had passed into the gel, the 
buffer was applied and elution was performed with a flow 
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rate of 40 ml/hour in case of Sephacryl S-200 HR columns 
whereas a flow rate of 25 ml / hour was used for Sephadex G-
200 column. 
The void volume and the uniformity in the packing of 
the column were determined before using a column for the 
preparative or analytical purposes. This was done by passing 
a 2 ml solution of 0.15% (w/v) blue dextran 2000. The 
elution volume of blue dextran was taken to represent the 
void volume (V^) of the column whereas the symmetrical 
elution profile was a test for homogeneous packing 
column. 
During the gel chromatography of different protein 
preparations, volume corresponding to the void volume of the 
column was discarded and fractions of 1-5 ml were 
collected. Fractions were monitored by using the method of 
Lowry e^ ai. (1951) whereas absorbance of blue dextran • 
fractions was measured at 625 nm. 
5. Gel Chromatography in the presence of urea 
Gel chromatography in the presence of urea was carried 
out on Sephacryl S-200 HR column (66x2.02cm). The column 
was equilibrated with 0.06 sodium phosphate buffer, pH 7.0, 
containing 4.5 M urea and 9M urea, respectively. Samples 
were also prepared in the same buffer, containing 4.5 M 
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urea and 9 M urea. Elution of proteins was studied by two 
different procedures. 
a) Peak analysis and 
b) Frontal analysis 
a. Peak analysis: In this procedure small amount of protein 
sample (1% of the total volume of the column) in appropriate 
urea solution was loaded on the column. The protein was 
eluted in 1 ml fractions and monitored by the method of 
Lowry et al. (1951) . 
b Frontal analysis: Frontal analysis was performed as per 
the method of Heyduk et. al. (1992) . After equilibration with 
0.06M sodium phosphate buffer, pH 7.0, containing 4.5 M 
urea, protein samples of 50 ml volume were prepared in the 
same buffer containing 4.5 M urea. Large sample volumes {>_ 
2 0% of the column volume) were applied so as to obtain 
large zones which are necessary for obtaining 
thermodynamically valid results for interacting systems 
The column was operated at a flow rate of 3 0 ml / hour and 
the eluants were collected in 1 ml fractions. 
Elution volumes were determined as the centroid of the 
leading boundary (centroid is the point where areas for each 
boundary below and above the solute profile are equal) Base 
lines were calculated by least squares analysis of the 
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linear portions of the elution profile. 
6 . Polyacrylamide gel electrophoresis 
Polyacrylamide gel electrophoresis(PAGE) was performed 
in 4.95 inM Tris-38 mM glycine buffer pH 8.2, according to 
the method of Davis (1964) excepting that instead of 
cylindrical tubes glass plates were used as gel support 
(Adams et al., 1970) . 
The glass plates (10.ScmxlO.8cm) were washed with 
detergent solution, chromic acid and then finally witu 
distilled water. The plates were siliconized in 5% (v/v) 
dimethyl dichlorosilane (dissolved in chloroform) solution. 
Three plastic spacers were placed along the sides and the 
bottom of the glass plates. The glass plates assembled 
with spacers were mounted in vertical upright position with 
the help of side brackets. Two clamps were used to hold the 
two plates along the sides. The bottom and the sides of the 
plates were sealed with 1% (w/v) agarose solution. 
A small pore solution containing 10%,(w/v)acrylamide, 
0.267 (w/v) N,N'methylene bisacrylamide, 0 . 05 (w/v) N,N,N\ N^  
tetramethylethylene diamine, 0.05%(w/v) ammonium persulfate, 
7.26% (w/v) Tris (hydroxymethylaminomethane) and 
0.812%(v/v)cone. HCl. About three quarters of the space 
between glass plates was filled with this solution and the 
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surface was layered with 0.2 ml of distilled water. After 
20 minutes of polymerization at room temperature the water 
was removed by inverting the glass plates. Traces of water 
were carefully removed using strips of filter paper. The 
remaining one fourth space between the glass plates was 
completely filled with large pore solution containing 
3.57%(w/v) acrylamide, 0.1%(w/v) N,N'methylene 
bisacrylamide, 0.05%(v/v) N,N,N',N'tetramethylethylene 
diamine, 0.0005% (w/v) riboflavin, 20%(w/v)suuose, 1.5%(w/v) 
Tris and 1% (v/v) of conc.HCl. A comb was then placed at the 
notch on the top of the glass plates. The large pore 
solution was photopolymerized under fluorescent light for 
15-20 minutes. After polymerization the comb was removed 
and surface of each well was rinsed with sample buffer. 
For sample preparation 0.3 mg of protein was taken in 
1.0ml of electrophoretic buffer containing 20%(w/v) of 
sucrose and 0.01% (w/v) bromophenol blue. 
The two clamps, the bottom bracket and the plastic • 
spacer at the bottom were then removed. The lower tank of 
the Broviga mini vertical slab gel electrophoresis apparatus 
was filled with electrophoretic buffer. The glass plates 
were held in place in the electrophoresis unit with the 
help of two clamps. Extreme care was taken to avoid the 
formation of bubbles at the bottom. About 12-21 u."" of the 
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sample solution was applied in each well with the help of a 
micropiptte. The empty space of the wells was carefully 
filled with electrophoretic buffer. After filling the upper 
chamber with electrophoretic buffer an anodic current of 1mA 
per well was passed till bromophenol blue front traversed 
the large pore gel. Thereafter the current was increased to 
1.5 mA per well. Electrophoresis was continued till the 
bromophenol blue front had migrated to nearly three-fourth 
length of the small pore gel. 
After electrophoresis, gel was taken out and stained 
overnight in 0.1%(w/v) coomassie brilliant blue G 250 
prepared in 42% (v/v) methanol and 17% (v/v) acetic acid. 
Destaining was first performed with 30% (v/v) methanol and • 
10% (v/v) acetic acid while subsequent changes were made 
with 7% (v/v) acetic acid. The relative mobility was 
obtained by dividing the distance travelled by the protein 
band with that of the tracking dye. 
7. Polyacarylamide gel electrophoresis in the presence of urea 
Polyacrylamide gel electrophoresis in the presence of 
urea was carried out at 4.5 M and 9 M urea concentrations. 
In these experiments all the solutions, viz, sample, 
electrophoretic buffer, large pore gel and small pore gel 
contained the required amount of urea. Samples were 
incubated for 12 hours prior to electrophoresis. The 
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methodology was the same as described above. 
8. Sodium dodecyl sulfate poyacrylamide gel electrophoresis 
Sodium dodecyl sulfate polyacrylamide gel 
electrophoresis (SDS-PAGE) was performed according to the 
method of Lamellae (1970). The gel plates (10.8x10.8cm) 
were washed with detergent solution, chromic acid and 
finally with distilled water. The plates were dried and 
siliconized as described above. 
A small pore solution containing 7.5%(w/v) acrylamide, 
0.2% (w/v)N,N\ tetramethylethylene diamine, 0.1% (w/v) 
sodium dodecyl sulfate, 0.05% (w/v) ammonium persulfate, 
7.26% (w/v) Tris and 0.812% (v/v) cone. HCl was 
prepared.About three fourth of the space between the two 
glass plates were filled with this solution. It was layered 
with 0.2 ml of water. After 20 minutes of polymerization, 
water was removed by using strips of filter paper. The 
remaining space was completely filled with stacking gel 
solution. This solution comprised of 3.75%(w/v) acrylamide, 
0.1%(w/v) N,N', methylene bisacrylamide, 0.05% (v/v) 
N,N,N',N\ tetramethylethylene diamine, 0.05% (w/v) ammonium 
persulfate, 1.5% (w/v) Tris, 1% (v/v) cone. HCl and 0.1% 
(w/v) sodium dodecyl sulfate. A comb was placed at notch on 
the top of the glass plates. The comb was removed after 
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polymerization and the wells were rinsed with sample buffer. 
Samples for SDS-PAGE were prepared by taking 0.4 mg of 
protein in 1.0 ml of sample buffer (0.0625 M Tris-HCl 
buffer, pH 6.8) containing 2%(w/v) sodium dodecyl sulfate, 
10% (v/v) glycerol, 5%(v/v) ^mercaptoethanol and 0.01%(w/v) 
bromophenol blue. For SDS-PAGE performed in the absence of 
mercaptoethanol, this reagent was omitted but the remaining 
procedure was the same. Electrophoresis was performed and 
continued till the tracking dye was close to the other end 
of the gel. Staining and destaining procedures were similar 
to the one described for simple PAGE. 
9. Preparation of defatted bovine serum albximin 
Defatted bovine serum albumin was prepared according to 
the method of Chen (1967). Seven grams of commercial bovine 
serum albumin was taken and dissolved in 70 ml of distilled 
water at room temperature. Three and a half grams of 
activated charcoal were added to the protein solution and 
the pH of the solution was lowered to 3.0 by the addition of 
requisite amount of 0.2 N HCl. The solution was placed in an 
ice bath and stirred on a magnetic stirrer for one hour. 
Charcoal was then removed by centrifugation at 12,000 rpm 
for thirty minutes in a Remi R24 centrifuge. The clarified 
protein solution was then brought to pH 7.0 by the addition 
of 0.2N sodium hydroxide. Traces of charcoal were removed by 
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passing the protein solution through a millipore filter. 
The commercial BSA is a mixture of various types of 
aggregates of BSA. The unaggregated BSA monomer and dimer 
were obtained by size exclusion chromatography on either 
Sephadex G-200 (82x2.2cm) or on Sephacryl S-200 HR 
(100.5x2.4cm) columns. All studies described in this thesis 
were performed on monomeric BSA unless otherwise stated. 
10. Preparation of bovine serum albiimin fatty acid complex 
Bovine serum albumin fatty acid complex was prepared by 
mixing the protein with three different concentrations of 
palmitic acid so as to obtain 2,4 and 6 molar excess of 
palmitic acid over protein. The method of Brodersen et, al. 
(1988) was used for preparing BSA-fatty acid complex. In a 
typical experiment a 68.98 uM solution of BSA was prepared 
in 0.06 M sodium phosphate buffer, pH 7.0 and the pH was 
adjusted to 9.0 by the addition of 0.2 N sodium hydroxide. 
To 50 ml of magnetically stirred BSA, 1 ml of 20.7 mM 
palmitic acid (in ethanol) was slowly added. The mixture was 
stirred for thirty minutes after which fatted albumin was 
filtered through millipore filter and stored at 4°C in the 
presence of 0.02% (w/v) sodium azide. 
11. Estimation of fatty acids 
Fatty acids were quantitated as per the method of Chen 
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(1967). Protein samples (1.0 ml each) containing 30-60 mg of 
albumin were treated with 5.0 ml of extraction mixture, 
consisting of isopropyl alcohol, isooctane and 1 N H2SO4 in 
the ratio of 40: 10:1. The mixture was thoroughly mixed and 
allowed to stand for 15 minutes. The tubes were again shaken 
after the addition of 3.0 ml of isooctane and 2.0 ml of 
0.1 N H2SO4. The upper phase was transferred to another 
test tube and 5.0 ml of 0.01 N H2SO4 was added to it. The 
contents were mixed thoroughly and was allowed to stand 
till the isooctane phase was clearly visible. The isooctane 
phase was transferred to a centrifuge tube containing 1.0 ml 
of titration mixture i.e., 0.002% Nile blue A in 90% (v/v) 
ethanol. The free fatty acids were then titrated with 0.002 
N sodium hydroxide to a light pink end point. The number of 
moles of fatty acid per mole of albumin was calculated by 
using the standard relationship: 
^1^1 - C2V2 (4) 
Where V-^ is the volume of 0.02 N sodium hydroxide used 
for titrating a given protein sample, V2 the volume of the 
protein sample (1.0ml), C^ concentration of sodium hydroxide 
(0.02N) and C2 concentration of fatty acids which was 
calculated by substituing the values of C-j^, V-^ and V2. The 
number of moles of fatty acid present per mole of albumin 
was determined by dividing C2 value with the molarity of the 
protein sample. 
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12. Ultraviolet difference spectral measurements 
For difference spectral measurements following four 
solutions were prepared in 5 ml standard flasks.-
i. protein solution in 0.06 M sodium phosphate buffer, pH 
7.0. 
ii. protein solution in 0.06M sodium phosphate buffer, pH 
7.0 containing 9M urea or any other desired urea 
concentration. 
iii. 0.06M sodium phosphate buffer, pH 7.0 and 
iv. 0,06 M sodium phosphate buffer, pH 7.0 containing 9M 
urea or any other desired urea concentration. Extreme 
care was taken to ensure that solutions (i) and (ii) 
contained identical amount of the protein. 
Absorption spectrum of the native protein was recorded 
in the wavelength range 240-360 nm by taking solution (i) in 
the sample compartment and solution (iii) in the reference 
cell. Likewise, absorption spectrum of the protein in 9 M 
urea was recorded by taking solution (ii) in the sample 
compartment and solution (iv) in the reference compartment. . 
Difference spectrum was obtained by subtracting the 
absorbance values of the protein in 9 M urea at each 
wavelength. Scattering corrections were made by 
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extrapolating absorbance values of protein solution in 330-
360 nm region to absorbance region and subtracting it from 
the absorbance at each wavelength. 
13. Fluorescence emission spectral measurements 
Fluorescence emission spectra were obtained in the 
absence and presence of different concentrations of urea by-
exciting protein solutions at 282 nm. For fluorescence " 
measurements, following settings were found to be 
appropriate and were used throughout these studies 
Abscissa scale x2 
Ordinate scale xl6 and xl 
Scan speed 5 nm/sec 
Sensitivity High 
Emission slit 5 nm 
Excitation slit 5 nm 
Excitation wavelength 282 nm 
Emission start wavelength 300 nm 
Emission end wavelength 400 nm 
Measurements were performed using rectangular cells of o 
centimeter pathlength. 
14. Urea denaturation studies 
Urea induced protein denaturation was followed from 0-
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9M urea by uv difference absorption spectroscopy and 
fluorescence spectroscopy. The denaturation was followed by 
measuring the absorbance in the wavelength range of 287-289 
nm and fluorescence values at 340 nm, respectively. All the 
solutions were filtered and incubated for 12 hours before 
use. The absorbance values were converted into molar 
extinction coefficient (A^) by dividing with molarity of 
protein solution whereas fluorescence values were divided 
by fluorescence intensity of native protein to obtain 
relative fluorescence values. Relative fluorescence (F/F^ ) 
and molar extinction values were plotted against urea 
concentration to obtain the denaturation plots. A protein 
concentration of 1.5-2.1 mg/ml was used for uv difference 
spectral measurements and 0.035-0.1 mg/ml was used for 
fluorescence measurements . 
15. Analysis of the denaturation curve 
The denaturation curve can be divided into three 
regions on the basis of change in the physical parameter 
(i.e. absorbance, fluorescence etc.) These three regions 
are: 
a. Pre-transition region in which the physical parameter 
i.e. at 287-289 nm, and F/F^ at 340 nm of folded 
protein changes slowly with denaturant concentration. 
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b. Transition region showing drastic variation of the 
physical parameter during unfolding and 
c. Post-transition region which indicates slow changes in th 
physical parameter of the unfolded protein. 
The denaturation data obtained by uv difference . 
measurements were usually plotted in terms of fraction 
denatured (fj-,) versus denaturant (urea) concentration. The 
fj-) was claculated using the relation: 
f = (5) 
•D 
YD - % 
where Y is the observed parameter at a given urea 
concentration, Yjj and Yj-, are the values of that parameter in 
the native and denatured states of the protein. The values 
of Yjj and Yj-) were obtained by linear extrapolation of pre 
and post-transition regions. 
The equilibrium constant (K^ ) between the native and 
the denatured states was calculated with the help of 
following equation: 
^D 
KQ = (6; 
1 ~ fD 
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The values of Kp thus obtained were then used for the 
calculation of free energy change, AGJ^ using the standard 
relationship 
A Gj5 = -RT InKp (7) 
Where R is the gas constant and was taken to be 0.002 
kcal, T is the absolute temperature and In is the natural 
logarithm. 
The free energy of stabilization in the absence of 
denaturant A G ^ (H2O) was obtained by linear extrapolation 
of the plot between A G^ and denaturant concentration 
(Tanford, 1968; 1970; Pace, 1975; 1986). 
16. Modification of defatted BSA with iodoacetajnide 
The lone sulfhydryl group of BSA was modified with 
iodoacetamide according to the method of Yamasaki et al. 
(1990). BSA and iodoacetamide were mixed in 1:5 molar 
ratio. 200 mg of defatted BSA were taken in 25 ml of 0.1 N 
sodium phosphate buffer, pH 8.0. 3 mg of iodoacetamide 
codiacetaraide were added and the mixture was magnetically 
stirred at 3°C for 24 hours. The protein solution was 
extensively dialysed against 0.06 M sodium phosphatae buffer 
pH 7.0, to remove excess of iodoacetamide. Finally the 
protein solution was concentrated and stored at 4°C. The 
modification was checked by DTNB titration. 
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17. Quantitation of thiol groups 
The thiol groups were estimated by the procedure of 
Ellman (1959) Dithiobis (2-nitrobenzoic acid) (DTNB) or 
Ellman's reagent reacts with free cysteine causing a 
release of nitrobenzoic acid, which at pH 8.0 has an intense 
absorption at 412 nm. Protein solutions (l.Omg/ml) and DTNB 
4.0 mg/ml were prepared in 0.01 N sodium phosphate buffer, 
pH 8.0. DTNB crystals were dissolved in 1.0 ml of dimethyl 
sulfoxide and the volume was made upto 5.0 ml with 0.01 N 
sodium phosphate buffer, pH, 8.0. In order to increase the 
stability of DTNB 2 mM EDTA (Anderson and Wetlaufer, 1975) 
was added. DTNB was prepared fresh and stored in dark. The 
amount of protein was kept constant whereas amount of DTNB 
was changed so as to obtain different [DTNB]/[Albumin] 
molar ratios. Final volume was made upto 3.0 ml with 0.01 N 
sodium phosphate buffer, pH 8.0. The solutions were allowed 
to stand for about 15 minutes and absorbance was recorded at 
412 nm. DTNB was checked by using RSH as a standard. 
18. Interaction with bilirubin 
A solution of bilirubin was prepared by taking 4 mg of 
bilirubin in 1. 0 • ml of 1 M sodium carbonate solution 
containing 1 mM EDTA. The final volume was made upto 5 ml 
with 0.055 M sodium phosphate buffer, pH 8.0. The bilirubin 
46 
solution was kept at 4<»C and prepared fresh daily. The 
concentration of bilirubin was determined 
spectrophotometrically by using a molar extinction 
coefficient of 47,500 at 440nm (Jacobsen and Wennberg, 
1974). Different volumes of bilirubin solution were added to 
a constant amount of protein in a series of test tubes. The 
free bilirubin solution was prepared in a similar manner 
except that it did not contain any protein. The binding of 
bilirubin was monitored by fluorescence quenching. 
19. Binding of Bromo Cresol Green 
The binding of bromocresol green (BCG) was studied by 
fluorescence quenching in 0.06 M sodium phosphate buffer, pH 
7.0 at different molar ratio of dye over protein. 150 uM 
solution of BCG was prepared. It was filtered and stored in 
amber coloured bottle. The fluorescence quench titration 
were performed by taking a constant amount of albumin 
solution in a series of test tubes and adding increasing 
amount of BCG. The fluorescence emission spectra were 
recorded in 300-400 nm range. 
20. Binding with 8-Anilino - 1 napthelene sulfonic acid 
The binding of 8-Anilino - 1- napthelene sulfonic acid 
(ANSA) was studied by fluorescence quenching method in 
0.06 M sodium phosphate buffer, pH 7.0. The concentration of 
47 
ANSA was determined using molar extinction coefficient of 
4.950x10^ (Daniel and Weber, 1966). A constant amount of 
protein was taken in different tubes and varying amounts of 
ANSA were added. The protein-ANSA complex was excited at 
282nm and emission was recorded in 300-400 nm range. 
Kesults 
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Preparation o£ defatted BSA 
Bovine serum albumin (BSA) contains variable amount of 
fatty acids (0-2 moles) per mole of albumin. These 
noncovalently attached fatty acids were removed by acid 
charcoal treatment and the resulting solution was assayed 
for fatty acid content alongwith commercial BSA and HSA by 
using Nile blue A as an indicator (Chen, 1967) . The amount 
of fatty acid present in these preparations is shown in 
Table III. The defatted BSA solution was found to contain 
0.05 moles of fatty acid per mole of albumin. 
Isolation of BSA monomer 
Commercial BSA contains significant amount of dimeric 
and oligomeric forms of the protein in addition to the 
naturally occurring monomer. These aggregated products were 
isolated form the BSA monomer by size exclusion 
chromatography on Sephadex G-200 column (88.2 x 2.21cm) and 
Sephacryl S-200 HR column (100.5 x 2.24cm). A typical 
isolation profile is shown in Fig.3. Two prominent peaks 
corresponding to BSA dimer and monomer were obtained. The 
Ve/Vo ratio of two peaks was 1.57 and 1.94 on Sephadex G-200 
column and 1.14 and 1.31 and on Sephacryl S-200 HR column. 
The fractions marked with a thick bar under each peak were 
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TABLE - III 
FATTY ACID CONTENT OF DIFFERENT ALBUMIN PREPARATIONS 
Protein Source Moles of fatty acid present 
permole of protein 
BSA Sisco Research 2.22 
Laboratories 
HSA Sigma Chemical 2.55 
Co., USA 
•Defatted BSA - 0.05 
*Fatted BSA 5.81 
•Defatted BSA was prepared by the method of Chen (1967) 
whereas fatted BSA was prepared by the method of Brodersen 
et al. (1988). 
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120 170 220 270 320 lAO 190 
Elution volume (ml) 
2A0 290 340 
Fig, Isolation of BSA monomer and BSA dimer on Sephadex G--
200 column [(A) 88.2x2.21cm) ] and Sephacryl S-200 HR 
column [(B) (100.5x2.4 cm)]. 500 mg of defatted BSA in 
5 ml of eluant was applied. Elution mas performed with 
0.06 M sodium phosphate buffer pH 7.0 at a flow rate 
of 30 ml /hour for Sephadex G-200 column and 40ml/hour 
for Sephacryl S-200 HR column. Fractions of 5 ml were 
collected and 20 ^1 of each fraction was used for 
monitoring which was done by the method of Lowry e_t 
al • (1951). The fractions marked with a thick line 
under each peak were pooled for the isolation of BSA 
monomer and dimer. The percentage of monomer was 6 7 
and 70 on Sephadex G-200 and Sephacryl S-200 HR 
columns, respectively. 
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pooled, concentrated and stored in 0.06 M sodium phosphate 
buffer, pH 7.0 containing 0.02% (w/v) sodium azide. Purity 
of the isolated protein preparations was checked by gel 
chromatography. As can be seen from Fig. 4 a single 
symmetrical peak for BSA monomer and dimer indicated that 
these preparations were homogeneous with respect to size. 
Polyacrylamide gel electrophoretic pattern of commercial 
BSA, monomeric and dimeric BSA is shown in Fig. 5. BSA 
monomer and dimer travelled as a single band with a relative 
mobility of 0.43 and 0.22 respectively. This result 
suggested that isolated BSA monomer and dimer were pure with 
respect to charge. Throughout these studies the pure 
monomeric form of BSA and dimer obtained by size exclusion 
chromatography have been used. 
Characterization of defatted emd fatted BSA 
The elution profile of defatted and fatted BSA is shown 
in Fig. 6. The electrophoretic pattern of the two 
preparations is shown in the insets. The elution volume of 
defatted and fatted BSA as well as Rm values were identical 
indicating that removal or addition of fatty acids does not 
effect the size or the charge of the molecule. The uv 
absorption spectrum of defatted and fatted BSA is shown in 
Fig. 7. These spectra show a prominent peak at 279 nm and a 
through around 250 nm. The difference spectrum obtained by 
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Fig. 4 Elution profile of BSA monomer (A) and dimer (B) 
on Sephacryl S-200 HR column (100.5x2.4 cm). 6 mg 
of each protein in 5 ml of buffer was applied. 
Elution was performed with 0.06 M sodium phosphate 
buffer, pH 7.0 at a flow rate of 40 ml/hour in 5 
ml fraction. Fraction were monitored by the method 
of Lowry et al. (1951) . 
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Fig. 5 Polyacrylamide gel electrophoresis of BSA 
dimerd), BSA monomer (2,3) and commercial BSA (4) 
on 10% (w/v) gels at pH 8.2. The electrophoresis 
was carried out by applying a current of l-l.5mA 
per well. The gels were stained with 0.1% 
coomassie brilliant G250 and destained with 10% 
acetic acid. 4 pig of each protein in 12^1 of 
belectrophoretic buffer was applied in each well. 
Arrow indicates the position of the tracking dye. 
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Fig. 7 Ultraviolet absorption spectra of defatted 
(• •) and fatted BSA (C O) obtained in 
0.06 M sodium phosphate buffer, pH 7.0. 
protein concentration was 1.02 mg/ml. 
difference spectrum shown in the inset 
BSA 
The 
The 
was 
obtained by subtracting the absorbance of defatted 
BSA from that of fatted BSA. 
56 
manually subtracting the uv absorptin spectrum of defatted 
BSA from that of fatted BSA is shown in the inset of Fig. 7. 
A careful look of the difference spectrum shows small peaks 
around 295 nm and 288 nm indicating a change in environment 
of tyrosine and tryptophan residues upon fatty acid binding. 
Emission spectra of defatted and fatted BSA are depicted in 
Fig. 8. Excitation maximum for both the preparations was 282 
nm whereas the emission maximum was 338 nm and 341 nm for 
fatted and defatted preparations. Again a decrease of 3 nm 
in the emission indicates a change in the environment of 
tyrosines and tryptophans which is consistent with earlier 
studies (Honore and Pederson, 1989). The physical parameters 
of defatted and fatted BSA have been summarized in Table IV. 
UV absorption spectra and fluorescence spectra in the 
ed3sence and presence of 9 M urea 
UV absorption spectra in the presence and absence of 9 
M urea is shown in Fig. 9. The spectrum shows a 
characteristic peak at 279 nm and a trough around 250 nm. 
The absorbance spectrum obtained in the presence of 9 M urea 
shows a blue shift which is consistent with earlier results 
(Wetlaufer, 1962; Donovan, 1969). The difference spectrum 
obtained by manually subtracting the uv absorption spectrum 
of native BSA from that of the spectrum obtained in the 
presence of 9 M urea is shown in the inset (Fig. 9) . The 
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Fig. 8 Excitation (A) and emission (B) spectra of 
defatted and fatted BSA. Numbers l and 2 
represent the excitation spectra of fatted and 
defatted BSA whereas 4 and 5 represent the 
emission spectra of fatted and defatted BSA. 
Excitation and emission spectra of buffer have 
been designated by numbers 3 and 6. The protein 
concentration was 0.043 mg/ml. All the solutions 
were prepared in 0.06 M sodium phosphate buffer, 
pH 7.0. 
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TABLE - IV 
PHYSICAL PROPERTIES OF DEFATTED AND FATTED BSA 
Property Defatted BSA Fatted BSA 
Elution volume(ml)* 230 230 
R^ Value 0.43 0.43 
UV Absorption maximum 279 2 79 
(nm) 
Emission maximum 341 3 30 
(nm) 
Excitation maximum 282 282 
(nm) 
* The void volume of the column was 174 ml. 
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280 300 320 
WAVELENGTH (nm) 
Fig. 9 Ultraviolet absorption spectra of native 
BSA (#——#) and denatured BSA (O O) 
obtained in 0.06 M sodium phosphate 
buffer, pH 7.0. 9 M urea was used as 
denaturant. The protein concentration was 
• 0.867 mg/ml. The difference spectrum 
obtained by subtracting the absorbance of 
native BSA from that of denatured BSA is 
shown in the inset. 
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difference spectrum shows a characteriscic trough at 288 nm 
and a small shoulder at 281 nm. These features are 
characteristic of exposure of tyrosines residues from a non-
polar to polar aqueous environment. 
Fluorescence excitation and emission spectra in the 
absence and presence of 9 M urea are shown in Fig. 10. The 
protein in the absence of urea has an emission and 
excitation of 340 nm and 282 nm respectively. Addition of 9 
M urea produces a red shift in the emission spectrum whereas 
there was no change in the excitation wavelength. Urea 
further caused 28% decrease in the fluorescence intensity of 
both excitation and emission spectra. 
Denaturation of defatted and Fatted BSA 
The denaturation of two albumin preparations was 
studied as a function of urea concentration in the range of 
0-9.2 M urea. The denaturation was followed by uv 
difference spectroscopy and by fluorescence measurements. 
The denaturation plots are shown in Fig. ll and 12. 
Denaturation by uv difference spectral technique was 
followed by measuring absorbance change at 2 87 to 289 nm 
whereas fluorescence changes were monitored at 340 nm. The 
red shift produced upon the addition of urea was not as 
sensitive as the fluorescence intensity for monitoring 
denaturation. To facilitate the comparison, the plots were 
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Fig. 10 Excitation 
spectra(B) 
absence (— 
0.06 M sodium phosphate 
spectra(A) and emission 
in the presence!-- ) and 
) of 9 M urea obtained in 
buffer, p . 7.0. 
Numbers 1 and 2 r e p r e s e n t buffer and 
buffer containing 9 M urea. 
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Fig. 11 Urea induced denaturation transitions of 
defatted (A) and fatted BSA (B) obtained 
by uv difference spectroscopy in 0.06M 
sodium phosphate buffer, pH 7.0. The 
protein concentration was 1.41 mg/ml. 
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Fig. 12 Urea unfolding  defatted BSA (A) and 
fatted BSA (B)  n 0.06M sodium phosphate 
buffer, pH 7.0 obtained by measuring fluorescence 
intensity at 340 nm. The protein concentration was 
0.048 mg/ml. Relative fluorescence represents the 
ratio of fluorescence intensity in the presence 
of urea to the fluorescence intensity in the 
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redrawn in terms of fraction denatured (fp). These are shown 
in Fig. 13 and 14. Each denaturation point is the average of 
2-4 measurements. The most important feature of the 
denaturation transition of defatted BSA was the occurrence 
of a stable denaturation intermediate at 4.5 - 5.0 M urea 
concentration when the transition was followed by uv 
difference spectroscopy. In contrast, a simple two state 
transition was obtained by fluorescence techniques. The 
denaturation of fatted BSA by both the techniques gave a 
simple two state transition which shifted towards a higher 
urea concentration indicating significant stabilization 
towards denaturation by bound fatty acid molecules. 
It is clear from the Fig. 11 and Fig. 13A that the 
denaturation of defatted BSA is a three state process. 
Therefore, fraction denatured was also calculated by 
assuming a three state denaturation process for defatted 
BSA. This has been shown in Fig. 13B. This step was 
necessary for calculating the free energy of stabilization [ 
AGJ-)(H20)], to have an idea of the intermediate involved and 
to probe the influence of fatty acids on these 
intermediates. The free energy of stabilization of defatted 
and fatted albumin preparations was calculated from the 
denaturation data by linear extrapolation method as 
described in the experimental section. The linear plots 
Urea CM] 
Fig. 13 Fraction unfolded as a function of urea molarity 
calculated from the data obtained by uv difference 
spectroscopy. A Defatted BSA (# %) and fatted 
BSA (O O ) B. Plot B has been drawn from the 
denaturation plot of defatted BSA assuming it 
be three state transition. The Ist of the 
transition (A A ) represents native 
intermediate (N-^ —=^ X) transition and 2nd ( 
intermediate to denatured (N-":—^ D) transition 
to 
two 
to 
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Fig. 14 Fraction denatured of defatted {% %) and 
fatted BSA (O O) 3S a function of urea 
molarity, calculated from the data obtained by 
fluorescence spectroscopy. 
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between A GQ and urea concentration for the two preparations 
are shown in Fig. 15 and 16. As usual it was assumed that 
the linear dependence o f A G ^ in the transition continues to 
zero urea concentration (Pace, 1975; 1986). The free energy 
of stabilization was obtained as an intercept after least 
squares analysis of the data. The least squares analysis 
gave the following straight line equation : 
A Gj3 = AGJ-,(H20) + m (urea) (8) 
Whereas m is the slope of the plot and is a measure of 
dependence of AGp on urea concentration. Tt has been also 
used for measuring the steepness of the transition. Another 
parameter Dl/2, i.e., denaturant concentration at the 
midpoint of the transition was obtained from the plots G = 
0 or Kp = 1. All these denaturation parameters have been 
tabulated in Table V. 
Characterization of denaturation intermediate in defatted BSA 
The denaturation intermediate was characterized by uv 
difference spectroscopy, fluorescence, gel filtration and 
polyacrylamide gel electrophoresis. 
UV difference spectroscopy: The uv difference spectrum of 
defatted and fatted BSA obtained in the presence of 4.5 M 
urea is shown in Fig. 17. The presence of a prominent 
spectral peak at 287-289 nm in defatted BSA and its 
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Fig. 15 ^Gj-j as a function of urea molar i ty . 
The AGJ3 values were ca lcula ted using 
the d a t a obta ined by uv d i f f e r e n c e 
s p e c t r o s c o p y . The d i f f e r e n t symbols 
represent (# 0} defat ted BSA 1st 
t r a n s i t i o n , (Q Q) defat ted BSA 2nd 
t r a n s i t i o n and {Q—Q) fa t ted BSA. 
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Fig. 16 A G D as a f u n c t i o n of urea m o l a r i t y for defa t ted (O—O) and fa t ted BSA ( • • ) . The 
A GD values were calculated by using the data 
obtained by fluorescence spectroscopy. 
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TABLE - V 
DENATURATION PARAMETERS OF DEFATTED AND FATTED BSA OBTAINED 
BY LINEAR EXTRAPOLATION METHOD 
Technique Protein AGQ(H20} Dl/2 m 
preparation kcal/mole Urea[M] kcal/mole 
A. UV difference Defatted BSA 
spectroscopy 
B Fluorescence 
spectroscopy 
I transition • 
II transition 
Fatted BSA 
Defatted BSA 
Fatted BSA 
11 
5, 
14, 
3. 
9. 
.338 
.768 
.195 
,909 
.206 
3 
6, 
7, 
5. 
6. 
.94 
.34 
.12 
.41 
.94 
2.875 
0.909 
1.994 
0.723 
1.325 
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Fig. 17 UV difference spectra of defatted BSA ( 
fatted BSA ( O — O ) in the presence of 4 .5 
All the solutions were prepared in 0.06 
phosphate buffer, pH 7.0. The 
concentration was 1.56 mg/ml. 
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conspicous absence in fatted BSA indicated that 4.5 M urea 
induces conformational changes only in defatted BSA. This 
has been further confirroed in Fig. 18 wherein the absorption 
spectrum of fatted BSA in 4.5 M urea subtracted from the 
absorption spectrum of defatted BSA in 4.5 M has been shown. 
Fluorescence spectroscopy : Fluorescence spectrum of fatted 
and defatted BSA obtained in the presence of 4.5 M urea is 
shown in Fig. 19. There was no significant difference in the 
emission spectrum of the two preparations. 
Gel filtration -. Two types of analysis was done by gel 
filtration. They are : 
(a) Frontal analysis and 
(b) peak analysis. 
Frontal analysis : The results of frontal analysis at 0 M, 
4.5 M and 9 M urea concentrations have been shown in Fig. 
20,21 and 22. The front of defatted and fatted BSA was 
almost identical at 0 M and 9 M urea concentrations whereas 
the two preparations had different fronts in 4.5 M urea 
concentrations. The defatted BSA appeared to be fast moving 
in 4.5 M urea. To check the refolding, defatted BSA after 
treatment with 4.5 M urea was mixed with 6 moles of fatty 
acids and icubated for 48 hours. This preparation was 
subjected to frontal analysis (Fig. 21C). The front of this 
73 
240 260 280 300 320 
Wovtitngth (nm) 
340 360 
Fig. 18 UV d i f f e r e n c e s p e c t r a obta ined by 
sub t rac t ing the absorption spectrum of 
f a t t ed BSA in the presence of 4.5 M 
urea from that of absorption spectrum 
of d e f a t t e d BSA obta ined in the 
p r e s e n c e of 4 .5 M u rea . Remaining 
d e t a i l s are same as given in legend to 
F i g . 17 . 
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Fig. 19 Emission spectrum of fatted 
(a) and defatted (b) BSA 
obtained in the presence of 
4.5 M urea, (c) represents the 
emission spectrum of buffer 
containing 4.5 M urea. The 
protein concentration was 
0.048 mg/ml. 
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preparation was somewhat between the fatted and defatted BSA 
suggesting a change in the conformation of unfolded protein 
upon the addition of fatty acids. The elution volumes 
calculated from frontal analysis at different urea 
concentrations have been tabulated in Table VI 
Peak Analysis : Chromatographic profiles of defatted BSA, 
fatted BSA and defatted BSA dimer in the presence of 0 M, 
4.5 M and 9 M have been shown in Figs. 23, 24 and 25. The 
elution volumes of fatted and defatted BSA in the presence 
of 0 M and 9 M urea are identical. A single syrnme^ i^cal peak 
was obtained in the absence of urea whereas a shoulder in 
addition to a peak was found in the presence of 9 M urea. As 
can be seen from Fig. 24C the elution volume of the defatted 
dimer corresponded to that of the shoulder of fatted and 
defatted BSA. Peak analysis of defatted and fatted BSA 
preparations in the presence of 4.5 M urea showed distinctly 
different behaviour. The elution volume of fatted BSA 
decreased from 110 to 100 ml upon addition of 4.5 M urea. 
Incontrast, defatted BSA gave noticable heterogeniety. Two 
additional fast eluting peaks were apparent in its profile, 
suggesting clearly that defatted BSA undergoes some sort of 
aggregation in 4.5 M urea. Elution volume of the 1st fast 
eluting peak (peak I) of defatted BSA was similar to that of 
defatted BSA dimer (Fig.24C). The behaviour of defatted BSA 
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TABLE - VI 
ELUTION VOLOME SOF FATTED AND DEFATTED BSA OBTAINED AT 
DIFFERENT UREA CONCENTRATIONS* 
Urea D e f a t t e d F a t t e d D e f a t t e d BSA mixed BSA 
C o n c e n t r a t i o n BSA BSA w i t h 6 m o l e s of d imer 
p a l m i t i c a c i d 
[M] (ml) (ml) (ml) (ml) 
A. Frontal analysis: 
0.0 112 113 
4.5 96 107 103 
9.0 89 90 
B. Peak Analysis: 
0.0 
4.5 
110 
88 
(Peak I) 
96 
(Peak II) 
100 
(Peak III) 
110 
100 
-
88 
(Peak I) 
100 
(Peak II) 
96 
88 
9.0 82 82 - 82 
(Shoulder) (Shoulder) 
88 88 
(Peak) (Peak) 
* The void volume of the column was 82 ml 
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Fig. 25 Chromatographic profiles of defatted BSA (A) , 
fatted BSA (B) and defatted dimeric BSA (C) in 
the presence of 9 M urea on Sephacryl S-200 HR 
column (66x2.02cm). 8 mg of each protein in 2 ml 
of eluant was applied after 12 hours of 
incubation. Elution was performed with 0.06 M 
sodium phosphate buffer, pH 7.0 containing 9 M 
Urea. Rest details are same as given in the 
legend to Fig. 23. 
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treated with 4.5 M and then incubated with 6 moles of 
palmitic acid for 48 hours is shown in Fig. 26. It is clear 
from the figure that addition of fatty acids does not 
abolish heterogeniety although the percent aggregation was 
reduced by 21% due to the disappearance of peak II. 
Effect of time on Peak Analysis : Five different incubation 
periods were tried to study the effect of time on 
aggregation in defatted and fatted BSA. The elution profiles 
of defatted and fatted BSA obtained in the presence of 4.5 M 
urea at 0, 8, 12, 24 and 168 hour incubation have been shown 
in Fig. 27 and 28. It can been seen from the two figures 
that fatted BSA showed insignificant aggregation whereas 
defatted BSA showed the presence of aggregates at all tried 
incubation periods. The percent aggregation was calculated 
from the urea under each peak and it has been plotted 
against time in Fig. 29. (The peak resolution was not good 
and therefore, such type of calculations would have a lot of 
error). The extent of aggregation increased with increase in 
incubation. However, the increase was small after first 12 
hours of incubation. The percent aggregation obtained at 
different time intervals has been tabulated in Table VII. 
Effect of different fatty acid ratios on Peak analysis : 
Besides fatted BSA containing 6 moles of palmitic acid per 
mole of protein, two more fatted BSA preparations containing 
2 moles and 4 moles of palmitic acid per mole of the protein 
84 
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Fig. 26 Chromatographic profiles of defatted 
BSA incubated in 4.5 M urea for 12 hours 
and then for another 48 hours in the 
presence of 6 moles of fatty acid. 6 mg 
of the protein in 2 ml of eluant was 
applied on Sephacryl S-200 HR column 
(66x2.02cm). Elution was performed with 
0.06 M sodium phosphate buffer, pH 7.0 
containing 4.5 M urea. Rest dtails are 
same as given in the legend to Fig. 23. 
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Fig. 2 9 Plot of percent aggregation against time. Symbol 
( 0 — 0 ) represents defatted BSA whereas (Q——O) 
represents fatted BSA. The percent aggregation was 
calculated from the data obtained by gel 
chromatography. 
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TABLE - VII 
PERCENT AGGREGATION OF DEFATTED AND FATTED BSA OBTAINED IN 
THE PRESENCE OF 4.5 M UREA AT DIFFERENT INCUBATION PERIODS* 
Incubation % Aggregation in % Aggregation in 
defatted BSA fatted BSA 
0 hour 10.55 4.65 
8 hours 32.51 3.07 
12 hours 54.48 2.04 
24 hours 50.60 1.60 
168 hours 59.23 2.77 
* Percent aggregation has been calculated from the data 
obtained by size exclusion chromatography. 
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were prepared and their peak analysis was performed in the 
presence of 4.5 M urea after 12 hours of incubation. The 
elution profile of the two preparations alongwith defatted 
BSA are depicted in Fig. 30. There is a fast decrease in 
aggregation at ratio 2 and it is finally eliminated at ratio 
6. The percent aggregation obtained at different fatty 
acid ratios has ben tabulated in Table VIII. Plot of [Palmi-
tate]/[BSA]vs 7o aggregation is shown in Fig. 31. 
Polyacrylamide gel electrophoresis 
Like gel filteration, polyacrylamide gel 
electrophoresis was also performed at O M, 4.5 M and 9 M 
urea concentrations. Electrophoretic pattern of defatted 
BSA, fatted BSA, defatted BSA dimer and defatted BSA exposed 
to 4.5 M urea and then mixed with 6 moles of palmitic acid 
are shown in Fig. 32. There was no difference in the R^ 
values of defatted and fatted BSA in the absence of urea. 
It can be seen from this Fig. that defatted BSA in the 
presence of 4.5 M urea gave two major bands corresponding to 
fatted BSA and defatted BSA dimer. In addition, two other 
protein bands can be distinctly seen. Fatted BSA on other 
hand, travelled as a single band suggesting that there is no 
effect in its electrophoretic behaviour upon the addition of 
4.5 M urea. Electrophoretic pattern of defatted BSA treated 
with 4.5 urea adn then incubated with 6 moles of palmitic 
acid for 48 hours was similar to that of defatted BSA. PAGE 
90 
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Fig. 30 Chromatographic profiles of BSA containing 
0(A),2(B) and 4 (C) moles of fatty acid per mole 
2 of protein on Sephacryl S-200 HR column 
(66x2.02cm). The fraction size was 1 ml. The 
protein solution were incubated for 12 hours. Rest 
details are same as given in legend to Fig. 23. 
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TABLE - VIII 
PERCENT AGGREGATION OF BSA AT DIFFERENT FATTY ACID RATIOS 
OBTAINED IN THE PRESENCE OF 4.5 M UREA. PROTEIN SOLUTIONS 
WERE INCUBATED WITH UREA FOR A PERIOD OF 12 HOURS* 
[Palmitate]/[BSA] % Aggregation 
0 54.48 
2 13.01 
4 8.73 
6 2.77 
* The percent aggregation was ca lcula ted from the data 
obtained by size exclusion chromatography. 
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Fig, 31 Plot of percent aggregation versus palmitate/BSA 
molar ratio. Percent aggregation was calculated 
from the data obtained by gel chromatography. The 
protein solutions were incubated for 12 hours. 
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Fig. 32 Polyacrylamide gel electrophoresis of defatted BSA 
(a), fatted BSA (b) , BSA dimer (c) and defatted 
BSA mixed with 6 moles of palmitic acid (d) on 
10% (w/v) gels in the absence (A) and presence 
of 4.5 M(B) and 9 M (C) urea, at pH 8 .2 . Rest 
details are same as given in the legend to Fig. 5. 
a ^ b a b 
h 
b a b c d 
. 1 • L 
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in the presence of 9 M urea gave two bands for both defatted 
and fatted BSA preparations. The R^ values obtained in the 
presence of 9 M urea were much smaller than that obtained in 
its absence. The R^ values of the two albumin preparations 
obtained at 0 M, 4.5 M and 9 M urea concentrations have 
been depicted in Table IX. 
Isolation of aggregated products of defatted BSA obtained in 
the presence of 4.5 M urea 
The isolation profile of different aggregated products 
of defatted BSA formed in 4.5 urea is shown in Fig. 33. 
Three peaks namely peak I, II and III having a Ve/Vo ratio 
of 1.07, 1.17 and 1.22 were obtained. The fractions marked 
with a thick bar under each peak were pooled and 
rechromatographed on the same column. The rechromatographed 
samples were extensively dialysed against 0.06 M sodium 
phosphate buffer, pH 7.0, concentrated ans stored at 4 C, 
in the presence of 0.02% (w/v) sodium azide. 
Characterization of peak I, II and III 
The isolated products were characterized by gel 
chromatography and PAGE in the presence and absence of 4.5 M 
urea, uv absorption spectroscopy, fluorescence and sodium 
dodecyl sulfate polyacrylamide gel electrophoresis in the 
presence and absence of mercaptoethanol (^  RSH). 
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TABLE - IX 
RELATIVE MOBILITY(R-) VALUES OF DEFATTED,AND FATTED DEFATTED 
BSA MIXED WITH 6 %OLES OF FATTY ACID OBTAINED IN THE 
PRESENCE OF 0, 4.5 AND 9 M UREA 
Urea Defatted Fatted Defatted BSA mixed BSA 
concentration BSA BSA with 6 moles of dimer 
[M] palmitic acid 
0.0 
4.5 
0.43 
0.106 
(I band) 
0.43 
0.4 0.106 
(I band) 
0.22 
0.22 
(I band) 
0.151 
(II band) 
0.151 
(II band) 
0.151 
(II band) 
0.227 
(III band) 
0.227 
(III band) 
0.227 
(III band) 
0.435 
(IV band) 
0.435 
(IV band) 
9.0 0.08 
(I band) 
0.08 
(I band) 
0.08 
0.18 
(II band) 
0.18 
(II band) 
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Fig. 33 Isolation of aggregated forms of 
defatted BSA on Sephacryl S-200 HR 
column (66x2.02cm) in the presence of 
4.5 M urea. 80 mg of defatted BSA in 2 
ml of eluant was applied. Elution was 
performed with 0.06 M sodium phosphate 
buffer, pH 7.0 containing 4.5 urea. 
Fractions of 1 ml were collected and 
monitored by the method of Lowry et, al. 
(1951). Fractions with a thick line 
under each peak were collected for the 
isolation of peak I, II and III. 
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Gel chromatography: Chromatographic profiles of peak I, II 
and III in the absence and presence of 4.5 M urea are 
depicted in Fig. 34 and 35. Peak I and III gave a single 
symmetrical peak in the absence and presence of 4.5 M urea. 
The Ve/Vo ratios of peak I and peak III was similar to that 
of defatted BSA dimer and monomer. The behaviour of peak II 
was different. It gave two peaks corresponding to that of 
peak I and III in the absence of urea whereas only one peak 
with a broad ascending limb was obtained in the presence of 
4.5 M urea. The elution volume of peak II was 98 ml, quite 
different ffom BSA dimer (88 ml) but close to BSA monomer 
(100 ml)suggesting that this fraction apparently is a 
mixture of monomer and dimer. 
Polyacrylamide gel electrophoresis: PAGE in the absence and 
presence of 4.5 urea have been shown in Fig. 36. Peak I and 
III travelled as a single band both in the absence and 
presence of 4.5 M urea with relative mobilities close to 
that of BSA dimer and monomer. In contrast electrophoretic 
pattern of peak II showed the presence of two bands 
corresponding to peak I and II both in the absence and 
presence of 4.5 M urea. 
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Fig. 36 Polyacrylamide gel electrophoresis of peak I (i), 
peak II (2) ; peak III (3), defatted BSA monomer 
(4) and BSA dimer(5)in the absence (A) and 
presence (B) of 4.5 M urea. Rest details are same 
as given in the legend to Fig. 5. 
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UV aJIisorption spectra: UV absorption spectra of Peak I, II 
III and BSA dirtier are shown in Fig. 37. Each preparation 
gave a spectral peak at 279 nm and a trough around 250 nm. 
The difference spectrum obtained by manually subtracting the 
absorption spectrum of defatted BSA monomer from that of 
cibsorption spectra of peak I, II, III and BSA dimer have 
been shown in Fig. 38. A prominent difference spectral peak 
can be seen in all the peaks isolated in 4.5 M urea around 
287-290 nm indicating a change in the environment of 
tyrosines and tryptophans. The difference spectral 
features of peak I were some what similar to the spectrum 
obtained in the presence of 9 M urea (Fig. 9 inset). 
Fluorescence properties: The excitation and emission spectra 
of peak I, II, III and defatted BSA dimer are depicted in 
Fig. 39. There was no change in the excitation maximum 
(282 nm) for all the protein preparations. Incontrast, 
emission maximum was different for the four protein 
samples. The emission maximum of peak I, peak II, peak III 
and defatted BSA dimer were 335 nm, 337 nm, 340 nm and 342 
nm respectively. 
Sodium dodecyl sulfate polyacrylamide gel electrophoresis: 
Fig. 40 represents the SDS -PAGE pattern of peak I, II, III 
and defatted BSA in the absence and presence of 
mercaptoethanol. For comparison purpose defatted BSA dimer 
was also run alongwith above mentioned samples in 
the absence of A RSH. All the protein samples 
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Fig. 37 UV absorption spectra of peak I (A) , peak II (B) , 
peak III (C) and BSA dimer (D) obtained in 0.06 M 
sodium phosphate buffer, pH 7.0. The concentration 
of each protein preparation was 1.01 mg/ml. 
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Fig. 40 Sodium dodecyl sulphate - polyacrylamide gel 
electrophoresis in the absence (A) and presence 
(B) of ^RSH on 7.5% (w/v) gels at pH 8.2. The 
numbers 1,2,3,4 and 5 represent BSA monomer, peak 
I, peak II, peak III and BSA dimer respectively. 
Rest of the details are same as given in the 
legend to Fig. 5. 
B 
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travelled as a single band in the presence of RSH. Peak I 
and Peak III had mobilities equal to that of defatted BSA 
dimer and BSA monomer whereas two distinct bands 
corresponding to peak I and III were obtained for peak II 
in the absence of ^ RSH. These results clearly indicate 
that urea induced denaturation is accompanied by disulfide 
exchange reactions leading to the formation of aggregated 
products. The R^ values obtained in the presence of ^ RSH 
were less than those obtained in its absence. The physical 
parameter of peak I, II and III have been tabulated in Table 
X. 
DTNB titrations: 
Plot of DTNB titrations of peak I, II, III, defatted 
BSA monomer and alkylated defatted BSA monomer have been 
given in Fig. 41. Defatted BSA monomer contained 0.56 free 
sulfhydryls per mole whereas peak I, II and III contained , 
no reactive thiol group. Prior to DTNB titration DTNB 
solution was standardized against /3> RSH. Table 11 shows 
the content of free sulfhydryls of different protein 
preparations. 
DV absorption and fluorescence spectra in the absence and 
presence of 9 M urea 
Urea induced difference spectrum of peak I, II, III 
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TABLE - X 
PHYSICAL PARAMETERS OF ISOLATED PEAKS OF DEFATTED BSA 
OBTAINED IN THE PRESENCE OF 4. 5M UREA. 
Property Peak I Peak II Peak III BSA dimer 
Elution voliime* (ml) 
i. in the absence of 200 200 230 200 
urea (I peak) 
232 
(II peak) 
ii. in the presence of 88 98 100 88 
urea 
Relative mobility (PAGE) 
i. in the absence of 0.19 0.19 0.42 0.2 
urea (I band) 
0.42 
(II band) 
ii. in the presence of 0.194 0.203 0.42 0.186 
4.5 M urea (I band) 
0.42 
(II band) 
Relative mobility (SDS-PAGE) 
i. in the absence of 0.31 0.31 0.31 0.27 
«RSK (I band) 
0.52 
(II band) 
i i . i n t h e p r e s e n c e of 0 .45 0 . 4 5 0 . 4 5 
^ RSH 
UV A b s o r p t i o n 
inaximum(nm) 279 279 279 279 
E m i s s i o n 
meucimim (tun) 335 337 340 342 
Excitation 
auucimum (nm) 282 282 282 282 
* Elution volumes in the absence of urea were determined by 
gel filtration on long Sephacryl S-200 HR column 
(100. 5x2.24cm) whereas in the presence of 4.5 M urea 
relatively shorter column (66x2.02cm) of Sephacryl S-200 HR 
was used. 
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Fig. 41 P lo t of DTNB t i t r a t i o n . D i f f e r e n t symbols 
represent (O—O) defat ted BSA, ( # — # ) peak I, 
( D — • ) peak I I , (•- • ) peak I I I and ( 
a lky la ted BSA respec t ive ly . 
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TABLE - XI 
ESTIMATION OF FREE SULFHYDRYLS OF DEFATTED BSA AND VARIOUS 
AGGREGATED FORMS OF BSA ISOLATED IN THE PRESENCE OF 4.5 M 
UREA 
Protein preparation No.of sulfhydryls per mole 
of protein 
Defatted BSA 
Peak I 
Peak II 
Peak III 
Alkylated 
defatted BSA 
0.56 
0.00 
0.00 
0.00 
0.00 
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and defatted BSA dimer obtained in 9 M urea have been 
shown in Fig. 42. A deep trough was obtained in 9 M urea 
between 287-290 nm, in peak I, II, III and defatted dimeric 
BSA respectively suggesting perturbation in the environment 
of tyrosine and tryptophans in all of these preparations. 
Emission spectra of peak I, II, III and defatted BSA 
dimer in the presence and absence of 9 M urea are given in 
Fig. 43. There was a decrease in the fluorescence intensity 
upon the addition of 9 M urea. 
Denaturation of peak I, II, III and defatted BSA dimer 
Using urea as a denaturant, the denaturation of peak 
I, II, III and defattedBSA dimer was studied in 0 to 9 M 
urea concentration range in 0.06M sodium phosphate buffer, 
pH 7.0. UV difference spectroscopy and fluorescence 
spectroscopy were used to monitor the denaturation. 
Denaturation by uv difference spectral technique was 
followed by meausring absorbance changes at 287-289 nm, 
whereas fluorescence measurements were made at 3 35nm, 33 8nm, 
340nm and 342 nm respectively for peak I, II, III and 
defatted BSA dimer. The denaturation plots have been shown 
in Fig. 44 and 45. The denaturation plots were redrawn in 
the form of f^ . These plots have been shown in Fig. 46 and 
47. The significant feature of the denaturation plots was 
the presence of a stable denaturation intermediate in the 
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Fig. 43 Emission spectra of peak I (A) , peak II (B) , peak 
III (C) and BSA dimer (D) obtained in the absence 
( ) and presence ( ) of 9 M urea. The 
numbers 1 and 2 represent the emission spectra of 
buffer in the presence and absence of 9 M urea. 
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Fig. 44 Denaturation transitions of peak I (A) BSA dimer 
(B) , peak II (C) and peak III (D) obtained by uv 
difference spectroscopy in 0.06M sodium phosphate 
buffer, pH 7.0. The protein concentration was 
1.15-1.25 mg/ml. 
IIA 
Fig. 45 Urea induced denaturation profiles of peak I (A), 
dimer (B) , peak (II) (C) and peak III (D) at 
25 C, pH 7.0 obtained by fluorescence 
spectroscopy. All the solutions were prepared in 
0.06 M sodium phosphate buffer, pH 7.0. 
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Fig. 46 Plots of fraction denatured versus urea molarity. 
Fraction denatured of peak I (A) , BSA dimer (B) , 
peak II (C) and peak ill (D) has been calculated 
from the data obtained by uv difference 
spectroscopy. 
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Fig. 47 Fraction denatured of peak I (A), BSA dimer (B) , 
peak 11(C) and peak III (D) as a function of urea 
molarity. The fraction denatured has been 
calculated from the data obtained by fluorescence 
spectroscopy. 
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denaturation transition of peak I. The intermediate was 
observed by both uv difference spectroscopy as well as by 
fluorescence spectroscopy. The mechanism of denaturation of 
other proteins (peak II, III and defatted BSA dimer ) 
apparently looked like a simple two state process. 
A G Q ( H 2 0 ) values were calculated by using linear 
extrapolation method. The plots of A Gj|) versus denaturant 
concentration have been shown in Fig. 48 and 49. The 
denaturation parameters of peak I, II, III and defatted BSA 
dimer have been summarized in Table XII. 
Ligemd binding properties of peak I, II, III and BSA dimer 
Three ligands namely bromocresol green (BCG), bilirubin 
and 8-Anilino-l-napthelene sulfonic acid (ANSA) were used to 
study the ligand binding properties of peak I, II, III and 
defatted BSA dimer. Ligand binding was performed in the 
presence of 4.5 M urea . 
Binding with bromocresol green: Fig. 50 represents the 
binding of BCG with peak I, II, III and defatted BSA dimer . 
The maximum binding was obtained in peak III whereas it 
was minimum for peak I. The binding of defatted BSA monomer 
was greater than peak I and II but less than that of peak 
III. BSA dimer showed little variation with that of BSA 
monomer. Addition of BCG upto 6 uM showd increase in the 
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Fig. 48 AGJ-, as a func t ion of 
ca lcu la ted from the data 
d i f f e r e n c e spec t roscopy 
symbols represent (#—-— 
t r a n s i t i o n , {Q ^ Q 
t r ans itioi^, ^Q Q) peak 
I I I and (< 
urea mola r i ty 
obtained by uv 
The d i f f e r e n t 
- # ) peak I 1st 
peak I 2nd 
I I , (A—A) peak 
BSA dimer, respec t ive ly . 
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Fig. 49 A GQ as a function of urea molarity. The A GD 
values were calculated using the data obtained by 
fluorescence spectroscopy. The different symbols 
represent ( O — O ) peak I 1st transition, (# #) 
peak I 2nd transition, {A—A) peak II, (Q O) 
peak III and (X )f) B S A dimer, 
respectively. 
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TABLE - XII 
STABILITY DATA OF PEAK I, II, III AND BSA DIMER* 
Protein AGp(H20) Dl/2 m 
Preparation kcal/Tnole Urea [M] kcal/mole 
A. UV difference spectroscopy: 
Peak I 
1st transition 4.06 
2nd transition 6.07 
Peak II 2.86 
Peak III 2.61 
2 
6, 
5. 
4. 
.86 
.4 
.29 
.82 
1 
0 
0, 
0, 
.41 
.94 
.54 
.54 
Dimer 2.79 5.62 0.49 
B. Fluorescence spectroscopy: 
Peak I 
1st transition 
2nd transition 
Peak II 
Peak III 
Dimer 
2 
5 
3, 
3, 
3. 
.07 
.82 
.75 
.17 
.69 
2.20 
5.93 
5.76 
5.56 
5.68 
0.94 
0.98 
0.56 
0.57 
0.65 
* Linear extrapolation method has been used for calculating 
of the data. 
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Fig. 50 Plot showing the relationship between percent 
fluorescence quenching and bromocresol green(BCG) 
molarity. Percent quenching for different protein 
preparations was calculated relative to the native 
albumin in the absence of (BCG) which was taken to 
be 100%. The different symbols represent 
peak I, (9—#) peak II, 
defatted BSA monomer and (ir 
:?s^ )eak III 
) defatted BSA 
dimer, respectively. The corrected absorbance of 
all the protein solutions was 1.48 at 279 nm. 
0.5ml of this solution was taken in each tube and 
final volume was made upto 5 ml with buffer and 
BCG. The binding was performed in the presence of 
4.5 M urea. 
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percent quenching differences and a decrease with increase 
in BCG concentration above 6 pM. 
Binding with bilirubin: Binding curves of bilirubin with 
different isolated proteins of defatted BSA obtained in the 
presence of 4.5 M urea are shown in Fig. 51. The order of 
binding is peak III > defatted BSA monomer 7 defatted BSA 
dimer 7 peak II> peak I. Like BCG, addition of bilirubin 
above 8 uM concentration produced a decrease in percent 
quenching differences of different protein preparations. It 
was minimum at 30 uM concentration of bilirubin. 
Binding with ANSA: The binding pattern of ANSA has been 
depicted in Fig. 52. All the curves appear to be biphasic 
indicating the complexity of ANSA binding. Maximum 
differences were observed in the 2nd phase. The binding 
pattern of peak I and II was almost identical. The 1st 
phase of defatted BSA monomer and peak III showed little 
difference. The order of binding is peak III > defatted BSA 
monomer > defatted BSA dimer> peak II and I. 
Modification of lone sulfhydryl group of BSA and its effect 
on the uv difference spectruia obtained in the presence of 
4.5 M urea, size exclusion chromatography and PAGE in the 
presence of 4.5 M and 9 M urea. 
lodoacetamide was used to block the lone sulfhydryl 
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Fig. 51 Plot showing the relationship between percent 
fluorescence quenching and bilirubin molarity. The 
different symbols represent (O O) peak 1, 
(• •) peak II, (A A ) peak III, (• B' 
defatted BSA monomer and (D D ) BSA dimer. Rest 
details are same as given in the legend to P'lg. 
50. 
124 
100.0 
Fig. 52 Plot showing the relationship between percent 
fluorescence quenching and ANSA morlarity. 
The differnet symbols represent (O O) peak 
I, (•—•) peak II, (Q—Q) peak III, (A—A ) 
defatted BSA monomer and (A A ) BSA dimer. 
Rest details are same as given in the legend 
to Fig. 51. 
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group of BSA. The modification was checked by DTNB 
titration (Fig. 41). Urea induced difference spectrum 
obtained in 4.5 M urea is given in Fig. 53. A prominent 
difference spectral peak at 288 nm and a shoulder around 281 
nm was obtained. These features are similar to that of 
unmodified BSA and the only difference was a small decrease 
in magnitude suggesting that modification does not produce 
any significant change in the unfolding of BSA. Elution 
profile of alkylated BSA in the presence of 4.5 M urea and 
9 M urea are given in Fig. 54. The PAGE pattern is shown in 
the insets. The presence of a single symmetrical peak on 
Sephacryl S-200 HR column (66x2.02cm) and a single band on 
PAGE clearly indicated that aggregation does not take place 
in the modified BSA. 
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Wavelength (nm) 
Fig. 53 UV difference spectra of alkylated 
defatted BSA (A) and defatted BSA (B) 
obtained in the presence of 4.5M urea. 
All the solutions were prepared in 0.06M 
sodium phosphate buffer, pH 7.0. The 
protein concentration was 0.8 mg/tnl . 
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Fig. 54 Elution profile of alkylated BSA in the presence 
of 4.5 M urea (A) and 9M urea (B) on Sephacryl S-
200 HR column (66. 5x2.02cm) . 6mg of each protein 
in 2 ml of eluant was applied. Elution was 
performed with 0.06M sodium phosphate buffer, pH 
7.0 containing 4.5 M and 9 M urea^ respectively. 
The flow rate was 3 0 ml /hour. 2 ml fractions 
were collected and were monitored by the method of 
Lowry et al- (1951). Inset 1 and 2 show the PAGE 
pattern in 4.5 and 9 M urea, respectively. 
Discussion 
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Fatty acid free fraction V albumin containing 0.05 to 
0.1 mole of fatty acid per mole of protein is a costly 
protein. In contrast, commercial fraction V albumin is 
relatively cheaper but it contains 0.1 - 2.4 moles of fatty 
acid per mole. Removal of fatty acids was accomplished by 
incubating albumin with activated charcoal for 1 hour at pH 
3.0 in an ice bath. Lowering of pH unfolds the protein and 
removes the negative charge from the carboxyl group of fatty 
acids. These changes facilitate the removal of fatty acids 
from albumin. Denaturation of albumin does not take place by 
this treatment and capacity of albumin to' bind fatty acids 
remains intact when pH is returned to 7.0 (Chen 1967). 
Commercial albumin contains significant amount of 
dimeric and oligomeric forms of albumin in addition to BSA 
monomer. BSA monomer and dimer were isolated by size 
exclusion chromatography and their purity was checked by gel 
chromatography and polyacrylamide gel electrophoresis at pH 
8.2. The presence of a single symmetrical peak on Sephacryl 
S-200 HR column (100.5 x 2.24cm) and a single band on 
polyacrylamide gel electrophoresis indicate that the 
preparation was pure with respect to size and charge. 
Fatted BSA was prepared by mixing the requisite amount of 
fatty acid in ethanol to 50 parts of albumin (by volume) at 
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pF 9.0 for 1 hour. Recently heat denaturation of HSA 
containing subsaturating levels of bound fatty acid revealed 
the existence of different albumin populations containing . 
different amounts of fatty acids (Shrake and Ross, 1988; 
1990; 1992). To circumvent this problem, BSA preparation 
containing 6 moles of palmitic acid per mole of protein was 
used throughout this study. The fatty acid content of the 
two albumin preparations was determined by the method of 
Chen (1967) and was found to be 0.05 mole/mole of protein 
and 5.81 mole/mole of protein, respectively, in defatted and 
fatted BSA. The elution profile of the two albumin 
preparations and their relative mobilities were identical . 
indicating no measureable change in protein conformation and 
its molecular mass (addition of 6 moles of palmitic acid per 
mole of BSA would increase its molecular mass by 2%) takes 
place as a result of fatty acid binding to protein. 
However, the presence of small peaks at 295 nm and 288 nm in 
the uv difference spectrum and a blue shift of 3 nm in the 
emission spectrum of fatted BSA suggested a change in the 
environment of tyrosine and tryptophan residues. These 
findings are in agreement with the studies of Spector and . 
John (1968) and Honore and Pederson (1989) . Tabayashi et al. 
(1983) observed increase in the oxidation of Cys-34 as a 
function of fatty acid binding suggesting clearly a change 
in the conformation of the protein that could not be 
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detected by gel chromatography and polyacrylamide gel 
electrophoresis. Dielectric properties and viscosity 
measurements have also indicated that albumin becomes more 
compact and rounded upon fatty acid binding (Soeteway et, 
al., 1972) . 
In order to follow the denaturation of the two 
preparations the 1st and foremost task is to determine the 
wavelength at which folded and unfolded states differ 
maximally. For solving this problem, uv absorption spectrum 
and emission spectra in the presence and absence of 9 M 
urea were measured. There was a clear blue shift in the uv 
absorption spectrum indicating a change in the environment 
of tyrosines and tryptophans from nonpolar to polar. A 
prominent trough at 288 nm and a shoulder around 281 nm are 
characteristics of tyrosyl exposure. Absence of any peak 
around 2 92 nm, which is usually obtained due to the exposure 
of the tryptophan, is presumably due to the fact that both 
tryptophans of BSA are exposed to the solvent in its native 
state (Sogami and Ogura, 1973) . Secondly, the number of 
tryptophan (two) residues are outnumbered by tyrosine 
(twenty) residues. The maximum difference in magnitude was 
obtained at 288 nm, hence this wavelength was used to follow 
denaturation by uv difference spectroscopy. 
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The emission spectrum of BSA in the absence of urea 
gave a single peak at 340 nm confirming the class B nature 
of albumin and the hydrophillic environment of tryptophans. 
Addition of 9 M urea caused a decrease in the fluorescence 
intensity and a red shift in the emission spectrum. Red 
shift was found to be very small and therefore, fluorescence 
intensity at 340 nm was used to monitor the unfolding of the 
protein. 
The most noticable aspect of the denaturation 
transitions was the occurrence of a stable denaturation 
intermediate in defatted BSA when the transition was 
followed by uv difference spectroscopy. In contrast, the 
denaturation of fatted BSA by both the techniques gave a 
simple two state transition with a shift towards higher urea 
concentration indicating significant protein stabilization 
towards denaturation by bound fatty acids. A native globular 
protein in solution undergoes conformational fluctuations 
primarily from the ease of rotation about the single bonds 
of the backbone and side chains of the protein molecule. 
Thus it can be said that flexibility arises due to the 
equilibrium between the native and partially unfolded forms. 
Binding of ligands like fatty acids in BSA, Ca^ in 
lactalbumin (Okazaki et_ aJL. , 1994) and subtilisin 
(Pantoliano e^ ai. , 1992) etc. shifts the equilibrium 
infavour of single form. Thus flexibility is reduced causing 
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a decrease in conformational entropy. Despite this decrease 
the protein molecule is stabilized in one conformation 
because of the binding energy between the ligand and the 
protein. Probably this is the reason that AG|-)(H20) values 
of fatted BSA were much higher than that of the defatted 
BSA. The most popular and widely used method of linear 
extrapolation (Santoro and Bolen, 1988; 1992) was used for 
calculations of AGp(H20). The Dl/2 values i.e., the mid 
point of denaturation also showed an increase towards higher 
urea concentration for fatted BSA. The slope (m) values were 
also more in case of fatted BSA indicating that denaturation 
of fatted BSA is cooperative. 
The characterization of denaturation intermediate by uv 
difference spectroscopy at 4.5 M, a concentration at which 
stable intermediate occurs in defatted BSA, further 
substantiated the occurrence of denaturation intermediate. 
The presence of a prominent peak at 287-289 nm in defatted 
BSA and its absence in fatted BSA was a clear indication 
that conformational changes occur only in defatted BSA. The 
difference molar absorption change in defatted BSA at 4.5 M 
urea was 1890 M"-'- L"-^  which is approximately 40% of the 
change observed in 9 M urea. The difference in the emission 
spectra of fatted and defatted BSA was insignificant 
strongly indicating that environment of tryptophans is not 
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perturbed upto this urea concentration. This also explains 
why denaturation intermediate was not seen in denaturation 
transition of defatted BSA by fluorescence technique. 
Serum albumin is a multidomain protein and each domain 
has a specific/particular function. The independent folding 
and unfolding of domains in such proteins has been much 
documented (Privalov, 1982) . Domain III of the albumin 
molecule has a very loose structure and is reported to be 
very unstable. It undergoes conformational changes before 
the other two domains (Carter and Ho, 1994; Khan, 1986). 
Domain III also contains very strong fatty acid binding 
sites (Reed, 1986) . The results of uv difference 
spectroscopy suggest that part of the albumin molecule, 
probably domain III, undergoes denaturation earlier than 
rest of the molecule. Binding of fatty acids stabilizes this 
domain and hence it denatures at the same urea concentration 
at which the other two domains denature. Frontal analysis of 
defatted and fatted BSA in the absence and presence of 9 M 
urea was identical indicating that the folded and unfolded 
states of the two preparations have similar conformations 
under both conditions. However, the results of defatted BSA 
in the presenc of 4.5 M urea were different from that of 
fatted BSA. The fast movement of defatted BSA in the 
presence of 4.5 M urea can be attributed to the loss in the 
substructure of defatted BSA. The elution volumes of the 
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two preparations obtained by peak analysis were identical in 
the presence and absence of 9 M urea whereas a totally 
different behaviour was observed for defatted BSA in the 
presence of 4.5 M urea concentration. Significant 
aggregation was observed in defatted BSA whereas fatted BSA 
gave a single symmetrical peak with a decrease in elution 
volume as compared to the native conditions, suggesting 
that conformation of fatted BSA is not altered by the 
addition of 4.5 M urea. Decrease in elution volume can be 
attributed to the changes in the properties of the eluant 
and not to conformational changes produced in the protein 
molecule. The presence of the two fast eluting peaks in the 
elution profile of defatted BSA suggested that there is an 
association between the partially unfolded protein 
molecules. Such type of aggregation has been reported for 
several other proteins like rhodonase (Horowitz and Butler, 
1993), bovine growth hormone (Brems e^ ai-, 1988) and 
oligomers of lupin seed (Guerrieri and Cerletti, 1990). The 
Ve/Vo ratio of the 1st fast eluting peak was similar to that 
of BSA dimer suggesting that dimerization of albumin 
molecules (defatted) takes place in the presence of 4.5 M 
urea. The PAGE pattern of defatted BSA, fatted BSA, BSA 
dimer and defatted BSA mixed with 6 moles of fatty acid in 
the presence of 4.5 M urea were in close agreement with 
results of gel chromatography. In addition to the 2 major 
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bands, 2 clear distinct bands were observed in defatted BSA 
whereas fatted BSA moved as a single band. One of the major 
bands of defatted BSA corresponded to fatted BSA while the 
other one had a R^ value equal to that of defatted BSA dimer 
strengthening the fact that dimerization has taken place in 
defatted BSA. The behaviour of defatted BSA mixed with 6 
moles of palmitic acid was not different from that of 
defatted BSA indicating that addition of fatty acids does 
not affect PAGE pattern of defatted BSA. The Ve/Vo ratio and 
R^ values in the presence of 9 M urea were very much smaller 
indicating that shape of the molecule plays an important 
role both in gel chromatogrphy as well as in PAGE. The 
effect of time on aggregation clearly indicated that process 
of aggregation is kinetically a slow process and takes at 
least 12 hours for completion. The effect of fatty acids on 
aggregation showed that aggregation can be considerably 
reduced even at 1:2 molar ratio of protein to fatty acid and 
completely eliminated at 1:6 ratio. In order to understand 
the nature of aggregation, the aggregated products were 
isolated on Sephacryl S-200 HR column (66x2.02cm) in the 
presence of 4.5 M urea. The isolated peaks showed 
considerable heterogeniety particularly peak I, hence 
rechromatography was performed to get the pure preparations. 
The Ve/Vo ratio and R^ values in the presence and absence 
of 4.5 M urea suggested apparently that peak I is a dimer, 
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peak II is a mixture of peak I and peak III and peak III is 
identical to that of defatted BSA monomer. The results of 
gel filtration and PAGE indicate that aggregation is an 
irreversible process there by proving some sort of covalent 
linkage is involved. Since in proteins disulfide bond is the 
only other covalent linkage besides the peptide bond, the 
possibility of the formation of a intermolecular disulfide 
bond cannot be ruled out. The uv difference spectral 
features and the emission spectra clearly indicated that 
isolated peaks had a different conformation. The emission 
peak and uv difference spectral features of dimer were 
completely different from that of peak I suggesting that 
tertiary structure of peak I is different from BSA dimer 
although size and charge parameters are similar to that of 
the BSA dimer. 
SDS-PAGE in the presence and absence of ^-
mercaptoethanol ( i^ RSH) confirmed the involvement of 
disulfide exchange reactions. R^ values obtained in the 
presence of RSH were identical for all the preparations. 
The mobility of peak I and III was similar to that of BSA 
monomer and BSA dimer in the absence of .^ RSH whereas peak 
II was found to be a mixture of peaks I and III. These 
results clearly suggested that urea induced denaturation of 
defatted BSA is accompanied by disulfide exchange reactions. 
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The urea induced difference spectrum and the emission 
in the presence and absence of 9 M urea indicate that all 
the three preparations retain their respective native 
structures. The denaturation plots clearly indicate that 
peak I follows a different path of unfolding as compared to 
other protein preparations including defatted BSA dimer. 
Peak I gave a three state denaturation transition whereas 
all the other protein preparations followed a simple two 
state transition.AGj-j(H20) values also suggested that peak I 
is a fairly stable protein. 
Binding of BCG and bilirubin with isolated protein 
preparations showed similar characteristics whereas ANSA 
binding appeared to be more complex. The decreased binding 
of BCG, bilirubin and ANSA with peak I can be attributed to 
the loss of the binding sites and hydrophobicity due to the 
formation of wrong disulfides in the presence of urea. 
The uv difference spectrum of alkylated BSA obtained in 
the presence of 4.5 M urea showed characteristics similar 
to that of defatted BSA. The presence of single peak in the 
elution profile and a single band on PAGE in the presence of 
4.5 M and 9 M urea of alkylated BSA clearly proved the 
involvement of lone sulfhydryl (Cys - 34) . The low p^SH (5) 
of Cys - 34 and its close proximity to His 39 makes it 
highly reactive. Since earlier studies have shown that 
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domain III of albumin molecule is less stable, therefore, it 
is probable that opening of this domain at 4.5 M urea 
concentration sets the stage for inter and intra molecular 
disulfide exchange reactions. 
As mentioned earlier domain III of albumin molecule is 
substantially stabilized upon fatty acid binding. Recent X-
ray crystallographic studies have shown that fatty acid 
binding produces a slight opening of the interface between 
the two valves of the molecule and rotation of domain I. 
Futher the environment of Cys-34 becomes more exposed 
resulting in the change in the microenvironment of uy3-34 
there by making it less reactive. These three reasons 
explain absence of intermediate which is mixture of 
aggregated products in fatted BSA. 
The present study finds a strong application in the 
field of biotechnology. Being a valued therapeutic agent 
serum albumin has been expressed as an intracellular protein 
in a number of organisms (Etchewerry et. ai. , 1986; Latta et 
al., 1987). This protein has a tendency to aggregate within 
the cell and therefore extraction with a denaturant and 
subsequent renaturation is required. Renaturation is being 
mainly done by diluting the denaturant to a level which 
favours renaturation (Teale and Benjamin, 1976; Johanson et, 
al., 1981). The addition of fatty acids and a disulphide . 
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correcting enzyme could prove fruitful for increasing the 
percent yield of purely correctly refolded serum albumin 
monomer. 
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